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Orthogonal metals
R. Nandkishore, M. Metlitski, and T. Senthil, Phys. Rev. B 86, 045128 (2012)
Fractionalize the electron ci↵, ↵ =", # into an “orthogonal
fermion” fi↵ and an Ising spin  zi = ±1:
ci↵ =  
z
i fi↵
This introduces a Z2 gauge invariance
 zi ! ⌘i zi , fi↵ ! ⌘ifi↵
The orthogonal fermion, f↵, carries both the spin and
charge of the electron.
The Ising matter field,  z, is ‘dark matter’ carrying only
energy, and a Z2 gauge charge.
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Gauss’s Law: [H,Gi] = 0 , Gi = 1
Z2 lattice gauge theory (Wegner, 1971)
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Z2 lattice gauge theory (Wegner, 1971)
Deconfined phase.
‘Perimeter law’ for
Wegner-Wilson loops
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Confined phase.
‘Area law’ for
Wegner-Wilson loops
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gH =  
X
⇤
⌧z⌧z⌧z⌧z   g
X
i
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Topological

phase 

transition
Deconfined phase.
Z2 flux expelled.
Z2 (toric code)
topological order.
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Confined phase.
Z2 flux proliferates.
No topological order.
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Z2 lattice gauge theory
E. Fradkin and S. H. Shenker, PRD 19, 3682 (1979);  N. Read and S. Sachdev, PRL 66, 1773 (1991); 
X.-G. Wen, PRB 44, 2664 (1991);  A.Y. Kitaev, Annals of Physics 303, 2 (2003)
Topological order
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Cx
Confined phase.
Unique ground state
has Vx = 1, Vy = 1.
No topological order
Vx =
Y
Cx
⌧x , Vy =
Y
Cy
⌧x
Wx =
Y
Cx
⌧z , Wy =
Y
Cy
⌧z
VxWy =  WyVx , VyWx =  WxVy
On a torus, there are two additional independent operators,
Vx and Vy which commute with the Hamiltonian:
[H,Vx] = [H,Vy] = 0
and all other pairs commute.
(N. Read and S.S., 1991
Freedman, Nayak, Shtengel, 
Walker, Wang, 2003)
This criterion can distinguish the phases when 
dynamical (or even gapless) matter fields are present
Topological quantum
field theory describes
degenerate states with
Z2 flux W = ±1 through
the holes of the torus
gConfined phase.
Unique ground state
has Vx = 1, Vy = 1.
No topological order
Z2 lattice gauge theory
H =  
X
⇤
⌧z⌧z⌧z⌧z   g
X
i
⌧x , Gi = 1
(Fradkin and
Shenker, 1979)
Higgs state with h i 6= 0:
The phase of   winds by 2⇡
around the cycle of the torus,
trapping U(1) flux ⇡ in the
hole of the torus. This leads
to 4-fold degeneracy
(N. Read and S.S., 1991; X.-G. Wen, 1991
T. Senthil and M.P.A. Fisher, 2000
J. Maldacena, G. Moore, N. Seiberg, 2001)
L = |(@µ   2iaµ) |2 + | |4
+ relevant monopoles.
Ising* criticality
H =  
X
⇤
⌧z⌧z⌧z⌧z   g
X
i
⌧x , Gi =  1
Gi =
⌧x⌧x
⌧x
⌧x
Odd Z2 lattice gauge theory
H =  
X
⇤
⌧z⌧z⌧z⌧z   g
X
i
⌧x , Gi =  1
Gi =
⌧x⌧x
⌧x
⌧x
Symmetry fractionalization:
Single spacing translations anti-commute
TxTy =  TyTx
when acting on
‘fractionalized’ states with Z2 flux -1.
-1
Odd Z2 lattice gauge theory
Deconfined phase.
Topological order
Particles with Z2 flux have a
degenerate spectrum which realizes
TxTy =  TyTx
g
(R. Jalabert and S.S., 1991; T. Senthil and M.P.A. Fisher, 2000; T. Senthil, A. Vishwanath, L. Balents, S. S. and M.P.A. Fisher, 2004)
Confined phase.
Broken symmetry and
valence bond solid (VBS) order
H =  
X
⇤
⌧z⌧z⌧z⌧z   g
X
i
⌧x , Gi =  1
Trivial phase 
is prohibited
Odd Z2 lattice gauge theory
g(R. Jalabert and S.S., 1991; T. Senthil and M.P.A. Fisher, 2000; T. Senthil, A. Vishwanath, L. Balents, S. S. and M.P.A. Fisher, 2004)
Confined phase.
Broken symmetry and
valence bond solid (VBS) order
H =  
X
⇤
⌧z⌧z⌧z⌧z   g
X
i
⌧x , Gi =  1
Higgs state with h i 6= 0:
The phase of   winds by 2⇡
around the cycle of the torus,
trapping U(1) flux ⇡ in the
hole of the torus. This leads
to 4-fold degeneracy
Trivial phase 
is prohibitedDeconfined quantum criticality:
L = |(@µ   2iaµ) |2 + | |4
+ irrelevant quadrupled monopoles
Odd Z2 lattice gauge theory
g(R. Jalabert and S.S., 1991; T. Senthil and M.P.A. Fisher, 2000; T. Senthil, A. Vishwanath, L. Balents, S. S. and M.P.A. Fisher, 2004)
Confined phase.
Broken symmetry and
valence bond solid (VBS) order
H =  
X
⇤
⌧z⌧z⌧z⌧z   g
X
i
⌧x , Gi =  1
Higgs state with h i 6= 0:
The phase of   winds by 2⇡
around the cycle of the torus,
trapping U(1) flux ⇡ in the
hole of the torus. This leads
to 4-fold degeneracy
Trivial phase 
is prohibited
Odd Z2 lattice gauge theory
Broken symmetry of the massless
scalar dual to the photon
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Z2 gauge theory of orthogonal fermions
Ising Gauge field  zb
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Ising “Gauss law” with matter fields
Z2 gauge theory of orthogonal fermions
Ising Gauge field  zb
<latexit sha1_base64="Z6kwpZIaUXX y/NtzfmdLNHFY5VU=">AAACAXicbVDLSsNAFJ34rPUVdSVuBkvBVUlEUHdFNy4rG FtoYphMJu3QySTMTIQaght/xY0LFbf+hTv/xmmahbYeuHA45965d06QMiqVZX0bC 4tLyyurtbX6+sbm1ra5s3srk0xg4uCEJaIXIEkY5cRRVDHSSwVBccBINxhdTvzuP RGSJvxGjVPixWjAaUQxUlryzf0cuuUruSBh4Uo6iNHdgx8U0DcbVssqAeeJXZEGq NDxzS83THAWE64wQ1L2bStVXo6EopiRou5mkqQIj9CA9DXlKCbSy8vlBWxqJYRRI nRxBUv190SOYinHsb6rGSM1lLPeRPzP62cqOvNyytNMEY6ni6KMQZXASR4wpIJgx caaICyovhXiIRIIK51aXYdgz355njjHrfOWfX3SaF9UadTAATgER8AGp6ANrkAHO ACDR/AMXsGb8WS8GO/Gx7R1wahm9sAfGJ8/CF+XZQ==</latexit><latexit sha1_base64="Z6kwpZIaUXX y/NtzfmdLNHFY5VU=">AAACAXicbVDLSsNAFJ34rPUVdSVuBkvBVUlEUHdFNy4rG FtoYphMJu3QySTMTIQaght/xY0LFbf+hTv/xmmahbYeuHA45965d06QMiqVZX0bC 4tLyyurtbX6+sbm1ra5s3srk0xg4uCEJaIXIEkY5cRRVDHSSwVBccBINxhdTvzuP RGSJvxGjVPixWjAaUQxUlryzf0cuuUruSBh4Uo6iNHdgx8U0DcbVssqAeeJXZEGq NDxzS83THAWE64wQ1L2bStVXo6EopiRou5mkqQIj9CA9DXlKCbSy8vlBWxqJYRRI nRxBUv190SOYinHsb6rGSM1lLPeRPzP62cqOvNyytNMEY6ni6KMQZXASR4wpIJgx caaICyovhXiIRIIK51aXYdgz355njjHrfOWfX3SaF9UadTAATgER8AGp6ANrkAHO ACDR/AMXsGb8WS8GO/Gx7R1wahm9sAfGJ8/CF+XZQ==</latexit><latexit sha1_base64="Z6kwpZIaUXX y/NtzfmdLNHFY5VU=">AAACAXicbVDLSsNAFJ34rPUVdSVuBkvBVUlEUHdFNy4rG FtoYphMJu3QySTMTIQaght/xY0LFbf+hTv/xmmahbYeuHA45965d06QMiqVZX0bC 4tLyyurtbX6+sbm1ra5s3srk0xg4uCEJaIXIEkY5cRRVDHSSwVBccBINxhdTvzuP RGSJvxGjVPixWjAaUQxUlryzf0cuuUruSBh4Uo6iNHdgx8U0DcbVssqAeeJXZEGq NDxzS83THAWE64wQ1L2bStVXo6EopiRou5mkqQIj9CA9DXlKCbSy8vlBWxqJYRRI nRxBUv190SOYinHsb6rGSM1lLPeRPzP62cqOvNyytNMEY6ni6KMQZXASR4wpIJgx caaICyovhXiIRIIK51aXYdgz355njjHrfOWfX3SaF9UadTAATgER8AGp6ANrkAHO ACDR/AMXsGb8WS8GO/Gx7R1wahm9sAfGJ8/CF+XZQ==</latexit><latexit sha1_base64="Z6kwpZIaUXX y/NtzfmdLNHFY5VU=">AAACAXicbVDLSsNAFJ34rPUVdSVuBkvBVUlEUHdFNy4rG FtoYphMJu3QySTMTIQaght/xY0LFbf+hTv/xmmahbYeuHA45965d06QMiqVZX0bC 4tLyyurtbX6+sbm1ra5s3srk0xg4uCEJaIXIEkY5cRRVDHSSwVBccBINxhdTvzuP RGSJvxGjVPixWjAaUQxUlryzf0cuuUruSBh4Uo6iNHdgx8U0DcbVssqAeeJXZEGq NDxzS83THAWE64wQ1L2bStVXo6EopiRou5mkqQIj9CA9DXlKCbSy8vlBWxqJYRRI nRxBUv190SOYinHsb6rGSM1lLPeRPzP62cqOvNyytNMEY6ni6KMQZXASR4wpIJgx caaICyovhXiIRIIK51aXYdgz355njjHrfOWfX3SaF9UadTAATgER8AGp6ANrkAHO ACDR/AMXsGb8WS8GO/Gx7R1wahm9sAfGJ8/CF+XZQ==</latexit>
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<latexit sha1_bas e64="ZYQmoedHhS7OgbK0s9gPQxgUjUg= ">AAACAnicbVDLSsNAFL3xWesr6k43g0V wISURQd0V3bisYGyhCWEynbRDJw9mJkIJ ATf+ihsXKm79Cnf+jdM0C209cOFwzr1z 554g5Uwqy/o2FhaXlldWa2v19Y3NrW1zZ /deJpkg1CEJT0Q3wJJyFlNHMcVpNxUURw GnnWB0PfE7D1RIlsR3apxSL8KDmIWMYKU l39xHbvlIHvCMFij0c3biYp4OceGbDatp lUDzxK5IAyq0ffPL7Scki2isCMdS9mwrV V6OhWKE06LuZpKmmIzwgPY0jXFEpZeX6w t0pJU+ChOhK1aoVH9P5DiSchwFujPCai hnvYn4n9fLVHjh5SxOM0VjMl0UZhypBE0 CQX0mKFF8rAkmgum/IjLEAhOlY6vrEOzZ k+eJc9q8bNq3Z43WVZVGDQ7gEI7BhnNow Q20wQECj/AMr/BmPBkvxrvxMW1dMKqZPf gD4/MHZeOXkg==</latexit><latexit sha1_bas e64="ZYQmoedHhS7OgbK0s9gPQxgUjUg= ">AAACAnicbVDLSsNAFL3xWesr6k43g0V wISURQd0V3bisYGyhCWEynbRDJw9mJkIJ ATf+ihsXKm79Cnf+jdM0C209cOFwzr1z 554g5Uwqy/o2FhaXlldWa2v19Y3NrW1zZ /deJpkg1CEJT0Q3wJJyFlNHMcVpNxUURw GnnWB0PfE7D1RIlsR3apxSL8KDmIWMYKU l39xHbvlIHvCMFij0c3biYp4OceGbDatp lUDzxK5IAyq0ffPL7Scki2isCMdS9mwrV V6OhWKE06LuZpKmmIzwgPY0jXFEpZeX6w t0pJU+ChOhK1aoVH9P5DiSchwFujPCai hnvYn4n9fLVHjh5SxOM0VjMl0UZhypBE0 CQX0mKFF8rAkmgum/IjLEAhOlY6vrEOzZ k+eJc9q8bNq3Z43WVZVGDQ7gEI7BhnNow Q20wQECj/AMr/BmPBkvxrvxMW1dMKqZPf gD4/MHZeOXkg==</latexit><latexit sha1_bas e64="ZYQmoedHhS7OgbK0s9gPQxgUjUg= ">AAACAnicbVDLSsNAFL3xWesr6k43g0V wISURQd0V3bisYGyhCWEynbRDJw9mJkIJ ATf+ihsXKm79Cnf+jdM0C209cOFwzr1z 554g5Uwqy/o2FhaXlldWa2v19Y3NrW1zZ /deJpkg1CEJT0Q3wJJyFlNHMcVpNxUURw GnnWB0PfE7D1RIlsR3apxSL8KDmIWMYKU l39xHbvlIHvCMFij0c3biYp4OceGbDatp lUDzxK5IAyq0ffPL7Scki2isCMdS9mwrV V6OhWKE06LuZpKmmIzwgPY0jXFEpZeX6w t0pJU+ChOhK1aoVH9P5DiSchwFujPCai hnvYn4n9fLVHjh5SxOM0VjMl0UZhypBE0 CQX0mKFF8rAkmgum/IjLEAhOlY6vrEOzZ k+eJc9q8bNq3Z43WVZVGDQ7gEI7BhnNow Q20wQECj/AMr/BmPBkvxrvxMW1dMKqZPf gD4/MHZeOXkg==</latexit><latexit sha1_bas e64="ZYQmoedHhS7OgbK0s9gPQxgUjUg= ">AAACAnicbVDLSsNAFL3xWesr6k43g0V wISURQd0V3bisYGyhCWEynbRDJw9mJkIJ ATf+ihsXKm79Cnf+jdM0C209cOFwzr1z 554g5Uwqy/o2FhaXlldWa2v19Y3NrW1zZ /deJpkg1CEJT0Q3wJJyFlNHMcVpNxUURw GnnWB0PfE7D1RIlsR3apxSL8KDmIWMYKU l39xHbvlIHvCMFij0c3biYp4OceGbDatp lUDzxK5IAyq0ffPL7Scki2isCMdS9mwrV V6OhWKE06LuZpKmmIzwgPY0jXFEpZeX6w t0pJU+ChOhK1aoVH9P5DiSchwFujPCai hnvYn4n9fLVHjh5SxOM0VjMl0UZhypBE0 CQX0mKFF8rAkmgum/IjLEAhOlY6vrEOzZ k+eJc9q8bNq3Z43WVZVGDQ7gEI7BhnNow Q20wQECj/AMr/BmPBkvxrvxMW1dMKqZPf gD4/MHZeOXkg==</latexit>
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<late xit sha1 _base64=" eW0sjy55 GmEWzEgkf Jty0diep TM=">AAAC Q3icbVBBT xQxGO2Aw LoCrnL00r gxMSFsZo gJeDAhciG eMGFl487 YfO12dxva ztB2DMvs /Dgu/ABu/ gIvHtRwN bEzzEFYX9 Lk9b33pf 0ezaSwLgy /BUvLj1ZW 11qP20/W Nzafdp49/ 2TT3DDeZ 6lMzYCC5V Jo3nfCST 7IDAdFJT+ lZ4eVf/q VGytSfeJm GU8UTLQY CwbOS6Qzj BW4KQNZH JWkqC+UFp 9Lslu+25 5/mMc2VyS 25zkYHmcm HZGCxkI3 ShlbMVHw5 ZLQnWkdp biRLgglnW 7YC2vgRR I1pIsaHJP OTTxKWa6 4dkyCtcMo zFxSgHGC SV6249zyD NgZTPjQU w2K26SoSy jxK6+M8Dg 1/miHa/X fiQKUtTNF fbLa0j70 KvF/3jB34 /2kEDrLH dfs7qFxLr FLcdUoHg nDmZMzT4A Z4f+K2RQ MMOd7b/sS oocrL5L+ bu9tL/r4p nvwvmmjhV 6gl+g1it AeOkBH6Bj 1EUNX6Dv 6iX4F18GP 4Hdwexdd CpqZLXQPw Z+/aQC0S Q==</late xit><late xit sha1 _base64=" eW0sjy55 GmEWzEgkf Jty0diep TM=">AAAC Q3icbVBBT xQxGO2Aw LoCrnL00r gxMSFsZo gJeDAhciG eMGFl487 YfO12dxva ztB2DMvs /Dgu/ABu/ gIvHtRwN bEzzEFYX9 Lk9b33pf 0ezaSwLgy /BUvLj1ZW 11qP20/W Nzafdp49/ 2TT3DDeZ 6lMzYCC5V Jo3nfCST 7IDAdFJT+ lZ4eVf/q VGytSfeJm GU8UTLQY CwbOS6Qzj BW4KQNZH JWkqC+UFp 9Lslu+25 5/mMc2VyS 25zkYHmcm HZGCxkI3 ShlbMVHw5 ZLQnWkdp biRLgglnW 7YC2vgRR I1pIsaHJP OTTxKWa6 4dkyCtcMo zFxSgHGC SV6249zyD NgZTPjQU w2K26SoSy jxK6+M8Dg 1/miHa/X fiQKUtTNF fbLa0j70 KvF/3jB34 /2kEDrLH dfs7qFxLr FLcdUoHg nDmZMzT4A Z4f+K2RQ MMOd7b/sS oocrL5L+ bu9tL/r4p nvwvmmjhV 6gl+g1it AeOkBH6Bj 1EUNX6Dv 6iX4F18GP 4Hdwexdd CpqZLXQPw Z+/aQC0S Q==</late xit><late xit sha1 _base64=" eW0sjy55 GmEWzEgkf Jty0diep TM=">AAAC Q3icbVBBT xQxGO2Aw LoCrnL00r gxMSFsZo gJeDAhciG eMGFl487 YfO12dxva ztB2DMvs /Dgu/ABu/ gIvHtRwN bEzzEFYX9 Lk9b33pf 0ezaSwLgy /BUvLj1ZW 11qP20/W Nzafdp49/ 2TT3DDeZ 6lMzYCC5V Jo3nfCST 7IDAdFJT+ lZ4eVf/q VGytSfeJm GU8UTLQY CwbOS6Qzj BW4KQNZH JWkqC+UFp 9Lslu+25 5/mMc2VyS 25zkYHmcm HZGCxkI3 ShlbMVHw5 ZLQnWkdp biRLgglnW 7YC2vgRR I1pIsaHJP OTTxKWa6 4dkyCtcMo zFxSgHGC SV6249zyD NgZTPjQU w2K26SoSy jxK6+M8Dg 1/miHa/X fiQKUtTNF fbLa0j70 KvF/3jB34 /2kEDrLH dfs7qFxLr FLcdUoHg nDmZMzT4A Z4f+K2RQ MMOd7b/sS oocrL5L+ bu9tL/r4p nvwvmmjhV 6gl+g1it AeOkBH6Bj 1EUNX6Dv 6iX4F18GP 4Hdwexdd CpqZLXQPw Z+/aQC0S Q==</late xit><late xit sha1 _base64=" X/BbPPQR M1pmBhxdK 1enSbL+g Jw=">AAAB 2HicbZDNS gMxFIXv1 L86Vq1rN8 EiuCozbt Sd4MZlBcc W2qFkMnf a0ExmSO4I pfQFXLhR fDB3vo3pz 0KtBwIf5 yTk3pOUSl oKgi+vtr W9s7tX3/c PGv7h0XGz 8WSLygiM RKEK00u4R SU1RiRJY a80yPNEYT eZ3C3y7j MaKwv9SNM S45yPtMy k4OSszrDZ CtrBUmwT wjW0YK1h8 3OQFqLKU ZNQ3Np+GJ QUz7ghKR TO/UFlseR iwkfYd6h5 jjaeLcec s3PnpCwrj Dua2NL9+ WLGc2unee Ju5pzG9m +2MP/L+hV l1/FM6rI i1GL1UVYp RgVb7MxS aVCQmjrgw kg3KxNjb rgg14zvOg j/brwJ0WX 7ph0+BFC HUziDCwjh Cm7hHjoQ gYAUXuDNG 3uv3vuqq pq37uwEfs n7+AaqKY oN</latex it><late xit sha1 _base64=" LGHCsfEQ uRYyJFR9Q 8LZTNmQl fQ=">AAAC OHicbZDBT hsxEIZno QUaKKRce7 GKKiFVjX a5tByQKvW COFGJNFG zwRo7TmJh exfbixqW fTguPAA3n qCXHijiA eose2iBX7 L0+58Z2f OxXEnn4/g mWlh88XJp eeVVa3Xt 9fpG+83ad 5cVlosuz 1Rm+wydUN KIrpdeiX 5uBWqmRI+ dfJ3Xe2f COpmZIz/L xVDjxMix 5OhDRNuDV KOfclTlf kXL+sJY+a OiO9Xeh4 uDi9QVmqb utEAr0txm I1qyVJom qVInJxqPz yn7OK1bG Wmin5TR9l bciWuRpy ZpzBY0OqT t63SU8UI L47lC5wZJ nPthidZL rkTVSgsnc uQnOBGDY A1q4YZlDa Ei70MyIuP MhmM8qdN /J0rUzs00 C53zLd3j 2jx8rjYo/ PjzsJQmL 7ww/OGhca GIz8icKB lJK7hXs2C QWxn+Svg ULXIfuLcC hOTxyk9N d6ez20m+x bACb+EdbE MCn+AL7M MhdIHDJfy CW/gTXUW /o7sHWgtR g20T/lN0 /xe0fbKb< /latexit ><late xit sha1 _base64=" LGHCsfEQ uRYyJFR9Q 8LZTNmQl fQ=">AAAC OHicbZDBT hsxEIZno QUaKKRce7 GKKiFVjX a5tByQKvW COFGJNFG zwRo7TmJh exfbixqW fTguPAA3n qCXHijiA eose2iBX7 L0+58Z2f OxXEnn4/g mWlh88XJp eeVVa3Xt 9fpG+83ad 5cVlosuz 1Rm+wydUN KIrpdeiX 5uBWqmRI+ dfJ3Xe2f COpmZIz/L xVDjxMix 5OhDRNuDV KOfclTlf kXL+sJY+a OiO9Xeh4 uDi9QVmqb utEAr0txm I1qyVJom qVInJxqPz yn7OK1bG Wmin5TR9l bciWuRpy ZpzBY0OqT t63SU8UI L47lC5wZJ nPthidZL rkTVSgsnc uQnOBGDY A1q4YZlDa Ei70MyIuP MhmM8qdN /J0rUzs00 C53zLd3j 2jx8rjYo/ PjzsJQmL 7ww/OGhca GIz8icKB lJK7hXs2C QWxn+Svg ULXIfuLcC hOTxyk9N d6ez20m+x bACb+EdbE MCn+AL7M MhdIHDJfy CW/gTXUW /o7sHWgtR g20T/lN0 /xe0fbKb< /latexit ><late xit sha1 _base64=" x/4+0fCs mgqNamBRF zPVOJuJ/ gg=">AAAC Q3icbVDNT twwGHSAt rD0J6XHXi xWlZBQV8 leKIdKqFx QT1RqAHW zWJ+93l1r bSfYTtUl 5OG48AC99 Ql66YEir kg4IQcKHc nSeGY+2d /QXArrouh XsLC49OTp s+WVzurz Fy9fha/XD mxWGMYTl snMHFGwXA rNEyec5E e54aCo5Id 0tlv7h9+ 5sSLTX908 50MFEy3G goHzEgkHq QI3ZSDLv YqUzYXS8l tF+tXHzb PPZ6ktFEn tSQGGp7nJ RqSkqdCt UqVWTBQcn xL6ftpEK W6lH4SSsB v1ogb4MY lb0kUt9kn 4Mx1lrFB cOybB2kEc 5W5YgnGC SV510sLyH NgMJnzgq QbF7bBsSq jwO6+M8Dg z/miHG/X +RAnK2rmi PllvaR96 tfg/b1C48 YdhKXReO K7Z3UPjQm KX4bpRPB KGMyfnngA zwv8Vsyk YYM733vEl xA9XfkyS fm+7F3+Ju juf2jaW0V u0jjZQjL bQDtpD+yh BDJ2j3+g S/Q0ugj/B VXB9F10I 2pk36B8EN 7dnwLRF< /latexit><late xit sha1 _base64=" eW0sjy55 GmEWzEgkf Jty0diep TM=">AAAC Q3icbVBBT xQxGO2Aw LoCrnL00r gxMSFsZo gJeDAhciG eMGFl487 YfO12dxva ztB2DMvs /Dgu/ABu/ gIvHtRwN bEzzEFYX9 Lk9b33pf 0ezaSwLgy /BUvLj1ZW 11qP20/W Nzafdp49/ 2TT3DDeZ 6lMzYCC5V Jo3nfCST 7IDAdFJT+ lZ4eVf/q VGytSfeJm GU8UTLQY CwbOS6Qzj BW4KQNZH JWkqC+UFp 9Lslu+25 5/mMc2VyS 25zkYHmcm HZGCxkI3 ShlbMVHw5 ZLQnWkdp biRLgglnW 7YC2vgRR I1pIsaHJP OTTxKWa6 4dkyCtcMo zFxSgHGC SV6249zyD NgZTPjQU w2K26SoSy jxK6+M8Dg 1/miHa/X fiQKUtTNF fbLa0j70 KvF/3jB34 /2kEDrLH dfs7qFxLr FLcdUoHg nDmZMzT4A Z4f+K2RQ MMOd7b/sS oocrL5L+ bu9tL/r4p nvwvmmjhV 6gl+g1it AeOkBH6Bj 1EUNX6Dv 6iX4F18GP 4Hdwexdd CpqZLXQPw Z+/aQC0S Q==</late xit><late xit sha1 _base64=" eW0sjy55 GmEWzEgkf Jty0diep TM=">AAAC Q3icbVBBT xQxGO2Aw LoCrnL00r gxMSFsZo gJeDAhciG eMGFl487 YfO12dxva ztB2DMvs /Dgu/ABu/ gIvHtRwN bEzzEFYX9 Lk9b33pf 0ezaSwLgy /BUvLj1ZW 11qP20/W Nzafdp49/ 2TT3DDeZ 6lMzYCC5V Jo3nfCST 7IDAdFJT+ lZ4eVf/q VGytSfeJm GU8UTLQY CwbOS6Qzj BW4KQNZH JWkqC+UFp 9Lslu+25 5/mMc2VyS 25zkYHmcm HZGCxkI3 ShlbMVHw5 ZLQnWkdp biRLgglnW 7YC2vgRR I1pIsaHJP OTTxKWa6 4dkyCtcMo zFxSgHGC SV6249zyD NgZTPjQU w2K26SoSy jxK6+M8Dg 1/miHa/X fiQKUtTNF fbLa0j70 KvF/3jB34 /2kEDrLH dfs7qFxLr FLcdUoHg nDmZMzT4A Z4f+K2RQ MMOd7b/sS oocrL5L+ bu9tL/r4p nvwvmmjhV 6gl+g1it AeOkBH6Bj 1EUNX6Dv 6iX4F18GP 4Hdwexdd CpqZLXQPw Z+/aQC0S Q==</late xit><late xit sha1 _base64=" eW0sjy55 GmEWzEgkf Jty0diep TM=">AAAC Q3icbVBBT xQxGO2Aw LoCrnL00r gxMSFsZo gJeDAhciG eMGFl487 YfO12dxva ztB2DMvs /Dgu/ABu/ gIvHtRwN bEzzEFYX9 Lk9b33pf 0ezaSwLgy /BUvLj1ZW 11qP20/W Nzafdp49/ 2TT3DDeZ 6lMzYCC5V Jo3nfCST 7IDAdFJT+ lZ4eVf/q VGytSfeJm GU8UTLQY CwbOS6Qzj BW4KQNZH JWkqC+UFp 9Lslu+25 5/mMc2VyS 25zkYHmcm HZGCxkI3 ShlbMVHw5 ZLQnWkdp biRLgglnW 7YC2vgRR I1pIsaHJP OTTxKWa6 4dkyCtcMo zFxSgHGC SV6249zyD NgZTPjQU w2K26SoSy jxK6+M8Dg 1/miHa/X fiQKUtTNF fbLa0j70 KvF/3jB34 /2kEDrLH dfs7qFxLr FLcdUoHg nDmZMzT4A Z4f+K2RQ MMOd7b/sS oocrL5L+ bu9tL/r4p nvwvmmjhV 6gl+g1it AeOkBH6Bj 1EUNX6Dv 6iX4F18GP 4Hdwexdd CpqZLXQPw Z+/aQC0S Q==</late xit><late xit sha1 _base64=" eW0sjy55 GmEWzEgkf Jty0diep TM=">AAAC Q3icbVBBT xQxGO2Aw LoCrnL00r gxMSFsZo gJeDAhciG eMGFl487 YfO12dxva ztB2DMvs /Dgu/ABu/ gIvHtRwN bEzzEFYX9 Lk9b33pf 0ezaSwLgy /BUvLj1ZW 11qP20/W Nzafdp49/ 2TT3DDeZ 6lMzYCC5V Jo3nfCST 7IDAdFJT+ lZ4eVf/q VGytSfeJm GU8UTLQY CwbOS6Qzj BW4KQNZH JWkqC+UFp 9Lslu+25 5/mMc2VyS 25zkYHmcm HZGCxkI3 ShlbMVHw5 ZLQnWkdp biRLgglnW 7YC2vgRR I1pIsaHJP OTTxKWa6 4dkyCtcMo zFxSgHGC SV6249zyD NgZTPjQU w2K26SoSy jxK6+M8Dg 1/miHa/X fiQKUtTNF fbLa0j70 KvF/3jB34 /2kEDrLH dfs7qFxLr FLcdUoHg nDmZMzT4A Z4f+K2RQ MMOd7b/sS oocrL5L+ bu9tL/r4p nvwvmmjhV 6gl+g1it AeOkBH6Bj 1EUNX6Dv 6iX4F18GP 4Hdwexdd CpqZLXQPw Z+/aQC0S Q==</late xit><late xit sha1 _base64=" eW0sjy55 GmEWzEgkf Jty0diep TM=">AAAC Q3icbVBBT xQxGO2Aw LoCrnL00r gxMSFsZo gJeDAhciG eMGFl487 YfO12dxva ztB2DMvs /Dgu/ABu/ gIvHtRwN bEzzEFYX9 Lk9b33pf 0ezaSwLgy /BUvLj1ZW 11qP20/W Nzafdp49/ 2TT3DDeZ 6lMzYCC5V Jo3nfCST 7IDAdFJT+ lZ4eVf/q VGytSfeJm GU8UTLQY CwbOS6Qzj BW4KQNZH JWkqC+UFp 9Lslu+25 5/mMc2VyS 25zkYHmcm HZGCxkI3 ShlbMVHw5 ZLQnWkdp biRLgglnW 7YC2vgRR I1pIsaHJP OTTxKWa6 4dkyCtcMo zFxSgHGC SV6249zyD NgZTPjQU w2K26SoSy jxK6+M8Dg 1/miHa/X fiQKUtTNF fbLa0j70 KvF/3jB34 /2kEDrLH dfs7qFxLr FLcdUoHg nDmZMzT4A Z4f+K2RQ MMOd7b/sS oocrL5L+ bu9tL/r4p nvwvmmjhV 6gl+g1it AeOkBH6Bj 1EUNX6Dv 6iX4F18GP 4Hdwexdd CpqZLXQPw Z+/aQC0S Q==</late xit><late xit sha1 _base64=" eW0sjy55 GmEWzEgkf Jty0diep TM=">AAAC Q3icbVBBT xQxGO2Aw LoCrnL00r gxMSFsZo gJeDAhciG eMGFl487 YfO12dxva ztB2DMvs /Dgu/ABu/ gIvHtRwN bEzzEFYX9 Lk9b33pf 0ezaSwLgy /BUvLj1ZW 11qP20/W Nzafdp49/ 2TT3DDeZ 6lMzYCC5V Jo3nfCST 7IDAdFJT+ lZ4eVf/q VGytSfeJm GU8UTLQY CwbOS6Qzj BW4KQNZH JWkqC+UFp 9Lslu+25 5/mMc2VyS 25zkYHmcm HZGCxkI3 ShlbMVHw5 ZLQnWkdp biRLgglnW 7YC2vgRR I1pIsaHJP OTTxKWa6 4dkyCtcMo zFxSgHGC SV6249zyD NgZTPjQU w2K26SoSy jxK6+M8Dg 1/miHa/X fiQKUtTNF fbLa0j70 KvF/3jB34 /2kEDrLH dfs7qFxLr FLcdUoHg nDmZMzT4A Z4f+K2RQ MMOd7b/sS oocrL5L+ bu9tL/r4p nvwvmmjhV 6gl+g1it AeOkBH6Bj 1EUNX6Dv 6iX4F18GP 4Hdwexdd CpqZLXQPw Z+/aQC0S Q==</late xit>
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Spin rotations Pseudo-Spin BCS/CDW
Phase Diagram 
AFM order
He↵ ⇠ J˜Si · Sj
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Deconfined Dirac
 𝜋-flux
⇡ ⇡ ⇡
⇡ ⇡ ⇡
AFM + confinement transition
Symmetry breaking and confinement coincide w/o 
fine-tuning!
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 AFM = 1   S (GAFM   q)
 S (GAFM)
<latexit sha 1_base64="01yX79vR31N55 fzxxPB43Wy+xuw=">AAACa XicjVHLahsxFNVM08Z1msZ1 oA3pRtQU0oXNTCi0XQScB0k 2BYfEtcEyRiPfsYU1j0p3S swwi/xidvmCbPoRkR+BPLro BcHhPNDVUZAqadDzbhz3xcr LV6ul1+W1N+tvNyrvqr9Mk mkBbZGoRHcDbkDJGNooUUE3 1cCjQEEnmBzO9M4f0EYm8QV OU+hHfBTLUAqOlhpUrpiy5 iEf5AzhEvP9459FsefXWai5 yJkYS6tEHMdBmJ8XBVMQ4s7 JI3edHYFCTn8zLUdj/FL8X +zePajUvIY3H/oc+EtQI8tp DSrXbJiILIIYheLG9HwvxX7 ONUqhoCizzEDKxYSPoGdhzC Mw/XxeVUE/W2ZIw0TbEyOd sw8TOY+MmUaBdc7WN0+1Gfk vrZdh+L2fyzjNEGKxuCjMFM WEznqnQ6lBoJpawIWWdlcq xtyWjPZ3yrYE/+mTn4P2buN Hwz/7WmseLNsokY/kE9khPv lGmuSUtEibCHLrrDvvnQ/O X7fqbrnbC6vrLDOb5NG4tTt vsbzS</latexit><latexit sha 1_base64="01yX79vR31N55 fzxxPB43Wy+xuw=">AAACa XicjVHLahsxFNVM08Z1msZ1 oA3pRtQU0oXNTCi0XQScB0k 2BYfEtcEyRiPfsYU1j0p3S swwi/xidvmCbPoRkR+BPLro BcHhPNDVUZAqadDzbhz3xcr LV6ul1+W1N+tvNyrvqr9Mk mkBbZGoRHcDbkDJGNooUUE3 1cCjQEEnmBzO9M4f0EYm8QV OU+hHfBTLUAqOlhpUrpiy5 iEf5AzhEvP9459FsefXWai5 yJkYS6tEHMdBmJ8XBVMQ4s7 JI3edHYFCTn8zLUdj/FL8X +zePajUvIY3H/oc+EtQI8tp DSrXbJiILIIYheLG9HwvxX7 ONUqhoCizzEDKxYSPoGdhzC Mw/XxeVUE/W2ZIw0TbEyOd sw8TOY+MmUaBdc7WN0+1Gfk vrZdh+L2fyzjNEGKxuCjMFM WEznqnQ6lBoJpawIWWdlcq xtyWjPZ3yrYE/+mTn4P2buN Hwz/7WmseLNsokY/kE9khPv lGmuSUtEibCHLrrDvvnQ/O X7fqbrnbC6vrLDOb5NG4tTt vsbzS</latexit><latexit sha 1_base64="01yX79vR31N55 fzxxPB43Wy+xuw=">AAACa XicjVHLahsxFNVM08Z1msZ1 oA3pRtQU0oXNTCi0XQScB0k 2BYfEtcEyRiPfsYU1j0p3S swwi/xidvmCbPoRkR+BPLro BcHhPNDVUZAqadDzbhz3xcr LV6ul1+W1N+tvNyrvqr9Mk mkBbZGoRHcDbkDJGNooUUE3 1cCjQEEnmBzO9M4f0EYm8QV OU+hHfBTLUAqOlhpUrpiy5 iEf5AzhEvP9459FsefXWai5 yJkYS6tEHMdBmJ8XBVMQ4s7 JI3edHYFCTn8zLUdj/FL8X +zePajUvIY3H/oc+EtQI8tp DSrXbJiILIIYheLG9HwvxX7 ONUqhoCizzEDKxYSPoGdhzC Mw/XxeVUE/W2ZIw0TbEyOd sw8TOY+MmUaBdc7WN0+1Gfk vrZdh+L2fyzjNEGKxuCjMFM WEznqnQ6lBoJpawIWWdlcq xtyWjPZ3yrYE/+mTn4P2buN Hwz/7WmseLNsokY/kE9khPv lGmuSUtEibCHLrrDvvnQ/O X7fqbrnbC6vrLDOb5NG4tTt vsbzS</latexit><latexit sha 1_base64="01yX79vR31N55 fzxxPB43Wy+xuw=">AAACa XicjVHLahsxFNVM08Z1msZ1 oA3pRtQU0oXNTCi0XQScB0k 2BYfEtcEyRiPfsYU1j0p3S swwi/xidvmCbPoRkR+BPLro BcHhPNDVUZAqadDzbhz3xcr LV6ul1+W1N+tvNyrvqr9Mk mkBbZGoRHcDbkDJGNooUUE3 1cCjQEEnmBzO9M4f0EYm8QV OU+hHfBTLUAqOlhpUrpiy5 iEf5AzhEvP9459FsefXWai5 yJkYS6tEHMdBmJ8XBVMQ4s7 JI3edHYFCTn8zLUdj/FL8X +zePajUvIY3H/oc+EtQI8tp DSrXbJiILIIYheLG9HwvxX7 ONUqhoCizzEDKxYSPoGdhzC Mw/XxeVUE/W2ZIw0TbEyOd sw8TOY+MmUaBdc7WN0+1Gfk vrZdh+L2fyzjNEGKxuCjMFM WEznqnQ6lBoJpawIWWdlcq xtyWjPZ3yrYE/+mTn4P2buN Hwz/7WmseLNsokY/kE9khPv lGmuSUtEibCHLrrDvvnQ/O X7fqbrnbC6vrLDOb5NG4tTt vsbzS</latexit>
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 B = hB2i   hBi2
<latexit sha1_base64="FlHIHoP2Yka ulUHvP7XNnW2F9r8=">AAACFnicbZDNSsNAFIUn9a/Wv6hLN4NFcGNIiqAuhFI3Lis YW2jSMJlO2qGTSZiZCCX0Ldz4Km5cqLgVd76N0zaIth4YOHz3Xu7cE6aMSmXbX0Zpa Xllda28XtnY3NreMXf37mSSCUxcnLBEtEMkCaOcuIoqRtqpICgOGWmFw6tJvXVPhKQ Jv1WjlPgx6nMaUYyURoFpeXhAg8alxxDvMwIb3Rr0xMyf/MCCdGuBWbUteyq4aJzCV EGhZmB+er0EZzHhCjMkZcexU+XnSCiKGRlXvEySFOEh6pOOthzFRPr59K4xPNKkB6N E6McVnNLfEzmKpRzFoe6MkRrI+doE/lfrZCo693PK00wRjmeLooxBlcBJSLBHBcGKj bRBWFD9V4gHSCCsdJQVHYIzf/KicWvWheXcnFbrjSKNMjgAh+AYOOAM1ME1aAIXYP AAnsALeDUejWfjzXiftZaMYmYf/JHx8Q1CbZ5S</latexit><latexit sha1_base64="FlHIHoP2Yka ulUHvP7XNnW2F9r8=">AAACFnicbZDNSsNAFIUn9a/Wv6hLN4NFcGNIiqAuhFI3Lis YW2jSMJlO2qGTSZiZCCX0Ldz4Km5cqLgVd76N0zaIth4YOHz3Xu7cE6aMSmXbX0Zpa Xllda28XtnY3NreMXf37mSSCUxcnLBEtEMkCaOcuIoqRtqpICgOGWmFw6tJvXVPhKQ Jv1WjlPgx6nMaUYyURoFpeXhAg8alxxDvMwIb3Rr0xMyf/MCCdGuBWbUteyq4aJzCV EGhZmB+er0EZzHhCjMkZcexU+XnSCiKGRlXvEySFOEh6pOOthzFRPr59K4xPNKkB6N E6McVnNLfEzmKpRzFoe6MkRrI+doE/lfrZCo693PK00wRjmeLooxBlcBJSLBHBcGKj bRBWFD9V4gHSCCsdJQVHYIzf/KicWvWheXcnFbrjSKNMjgAh+AYOOAM1ME1aAIXYP AAnsALeDUejWfjzXiftZaMYmYf/JHx8Q1CbZ5S</latexit><latexit sha1_base64="FlHIHoP2Yka ulUHvP7XNnW2F9r8=">AAACFnicbZDNSsNAFIUn9a/Wv6hLN4NFcGNIiqAuhFI3Lis YW2jSMJlO2qGTSZiZCCX0Ldz4Km5cqLgVd76N0zaIth4YOHz3Xu7cE6aMSmXbX0Zpa Xllda28XtnY3NreMXf37mSSCUxcnLBEtEMkCaOcuIoqRtqpICgOGWmFw6tJvXVPhKQ Jv1WjlPgx6nMaUYyURoFpeXhAg8alxxDvMwIb3Rr0xMyf/MCCdGuBWbUteyq4aJzCV EGhZmB+er0EZzHhCjMkZcexU+XnSCiKGRlXvEySFOEh6pOOthzFRPr59K4xPNKkB6N E6McVnNLfEzmKpRzFoe6MkRrI+doE/lfrZCo693PK00wRjmeLooxBlcBJSLBHBcGKj bRBWFD9V4gHSCCsdJQVHYIzf/KicWvWheXcnFbrjSKNMjgAh+AYOOAM1ME1aAIXYP AAnsALeDUejWfjzXiftZaMYmYf/JHx8Q1CbZ5S</latexit><latexit sha1_base64="FlHIHoP2Yka ulUHvP7XNnW2F9r8=">AAACFnicbZDNSsNAFIUn9a/Wv6hLN4NFcGNIiqAuhFI3Lis YW2jSMJlO2qGTSZiZCCX0Ldz4Km5cqLgVd76N0zaIth4YOHz3Xu7cE6aMSmXbX0Zpa Xllda28XtnY3NreMXf37mSSCUxcnLBEtEMkCaOcuIoqRtqpICgOGWmFw6tJvXVPhKQ Jv1WjlPgx6nMaUYyURoFpeXhAg8alxxDvMwIb3Rr0xMyf/MCCdGuBWbUteyq4aJzCV EGhZmB+er0EZzHhCjMkZcexU+XnSCiKGRlXvEySFOEh6pOOthzFRPr59K4xPNKkB6N E6McVnNLfEzmKpRzFoe6MkRrI+doE/lfrZCo693PK00wRjmeLooxBlcBJSLBHBcGKj bRBWFD9V4gHSCCsdJQVHYIzf/KicWvWheXcnFbrjSKNMjgAh+AYOOAM1ME1aAIXYP AAnsALeDUejWfjzXiftZaMYmYf/JHx8Q1CbZ5S</latexit>
hc = 0.69
<latexit sha1_base64="4O4wKOMEEg+ D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnB NIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpe aW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3ph hSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81Y Y6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+ 9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifB kVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQ IBBI7T</latexit><latexit sha1_base64="4O4wKOMEEg+ D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnB NIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpe aW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3ph hSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81Y Y6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+ 9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifB kVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQ IBBI7T</latexit><latexit sha1_base64="4O4wKOMEEg+ D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnB NIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpe aW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3ph hSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81Y Y6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+ 9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifB kVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQ IBBI7T</latexit><latexit sha1_base64="4O4wKOMEEg+ D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnB NIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpe aW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3ph hSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81Y Y6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+ 9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifB kVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQ IBBI7T</latexit>
Critical Field theory
m2H
<latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit>hHi = 0
<latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit>
Confined +
hHi 6= 0
<latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit><latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit><latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit><latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit>
+
Kartik (2018)
• Embed the Ising gauge theory as Z2 2 SUg(2)
• Introduce a 3⇥3 real matrix field Hab which trans-
forms under SUg(2) (left multiplication) and SUc(2)
(right multiplication).
<la texi t sh a1_ba se64 ="TM FaHb2 nLe0 n1fv Pr3DS e27m YDQ= ">AAA DAHi cdVJ Lb9NA EHbM q4RH Axy5 jIiR0 kvkO DTts QIhtb ciSF sRR2 a9nti rrtf W7pg 2WLlw 4Ao/ gxvi yj/hV 3Dnx DoJb xhppW 9nvn l9u3 EphSH f/9x yL1y 8dPnK xtX2 tes3 bm52b t0+M kWlO Y55IQ t9Ej ODUi gcky CJJ6V Glsc Sj+P TR038 +CVq Iwr1 jOYlT nOWK jETn JF1RZ 2vYY ypUL UgzMU rXLT DBkH 7cR5j ApQh HBih UkhZl WJzL /Qcm AEvzB llcV w/X0 QBhEL B03G UQi/ Y8tYl DhTp Iqk4 AgNv CCGJH A0MP bDjS bDZWp zDTK BMwN uPahY vPDj LBM+ ANFNm Vujc QKUS 1OD9q A09i TOCv JIkrD yrLb aAqW RJ4mu SFmn 2F6v fDlEl PzeN Ol2/ 72+Pg p0hN CAYb Y8s2B 36A9 +HQd 9fWt dZ22H U+RI mBa9 yVMQl M2Yy 8Eua 1kyT4 LKRr jJYM n7KUp xYqJ hdeF ov32g B960 nAbu VPYpg 6f01 o2a5 MfM8t sxGW fNnr HH+Kz apaL Y7rY UqK0L FV41 mlQQ qoHlw SIRG TnJu AeNa2 FmBZ 0wzT vZbt EOD9s +olL I6JD ynM5H YPvW w/0C ohVXo uwzw f3AU 9Ad+f /Ak6 O49X Gu14d x17j k9Z+ DsOHv OvnP ojB3 eetF6 03rb eue+ dt+7H 9yPK 6rbW ufccX 4z99 M3XR 3vgA= =</l atex it><la texi t sh a1_ba se64 ="TM FaHb2 nLe0 n1fv Pr3DS e27m YDQ= ">AAA DAHi cdVJ Lb9NA EHbM q4RH Axy5 jIiR0 kvkO DTts QIhtb ciSF sRR2 a9nti rrtf W7pg 2WLlw 4Ao/ gxvi yj/hV 3Dnx DoJb xhppW 9nvn l9u3 EphSH f/9x yL1y 8dPnK xtX2 tes3 bm52b t0+M kWlO Y55IQ t9Ej ODUi gcky CJJ6V Glsc Sj+P TR038 +CVq Iwr1 jOYlT nOWK jETn JF1RZ 2vYY ypUL UgzMU rXLT DBkH 7cR5j ApQh HBih UkhZl WJzL /Qcm AEvzB llcV w/X0 QBhEL B03G UQi/ Y8tYl DhTp Iqk4 AgNv CCGJH A0MP bDjS bDZWp zDTK BMwN uPahY vPDj LBM+ ANFNm Vujc QKUS 1OD9q A09i TOCv JIkrD yrLb aAqW RJ4mu SFmn 2F6v fDlEl PzeN Ol2/ 72+Pg p0hN CAYb Y8s2B 36A9 +HQd 9fWt dZ22H U+RI mBa9 yVMQl M2Yy 8Eua 1kyT4 LKRr jJYM n7KUp xYqJ hdeF ov32g B960 nAbu VPYpg 6f01 o2a5 MfM8t sxGW fNnr HH+Kz apaL Y7rY UqK0L FV41 mlQQ qoHlw SIRG TnJu AeNa2 FmBZ 0wzT vZbt EOD9s +olL I6JD ynM5H YPvW w/0C ohVXo uwzw f3AU 9Ad+f /Ak6 O49X Gu14d x17j k9Z+ DsOHv OvnP ojB3 eetF6 03rb eue+ dt+7H 9yPK 6rbW ufccX 4z99 M3XR 3vgA= =</l atex it><la texi t sh a1_ba se64 ="TM FaHb2 nLe0 n1fv Pr3DS e27m YDQ= ">AAA DAHi cdVJ Lb9NA EHbM q4RH Axy5 jIiR0 kvkO DTts QIhtb ciSF sRR2 a9nti rrtf W7pg 2WLlw 4Ao/ gxvi yj/hV 3Dnx DoJb xhppW 9nvn l9u3 EphSH f/9x yL1y 8dPnK xtX2 tes3 bm52b t0+M kWlO Y55IQ t9Ej ODUi gcky CJJ6V Glsc Sj+P TR038 +CVq Iwr1 jOYlT nOWK jETn JF1RZ 2vYY ypUL UgzMU rXLT DBkH 7cR5j ApQh HBih UkhZl WJzL /Qcm AEvzB llcV w/X0 QBhEL B03G UQi/ Y8tYl DhTp Iqk4 AgNv CCGJH A0MP bDjS bDZWp zDTK BMwN uPahY vPDj LBM+ ANFNm Vujc QKUS 1OD9q A09i TOCv JIkrD yrLb aAqW RJ4mu SFmn 2F6v fDlEl PzeN Ol2/ 72+Pg p0hN CAYb Y8s2B 36A9 +HQd 9fWt dZ22H U+RI mBa9 yVMQl M2Yy 8Eua 1kyT4 LKRr jJYM n7KUp xYqJ hdeF ov32g B960 nAbu VPYpg 6f01 o2a5 MfM8t sxGW fNnr HH+Kz apaL Y7rY UqK0L FV41 mlQQ qoHlw SIRG TnJu AeNa2 FmBZ 0wzT vZbt EOD9s +olL I6JD ynM5H YPvW w/0C ohVXo uwzw f3AU 9Ad+f /Ak6 O49X Gu14d x17j k9Z+ DsOHv OvnP ojB3 eetF6 03rb eue+ dt+7H 9yPK 6rbW ufccX 4z99 M3XR 3vgA= =</l atex it><la texi t sh a1_ba se64 ="TM FaHb2 nLe0 n1fv Pr3DS e27m YDQ= ">AAA DAHi cdVJ Lb9NA EHbM q4RH Axy5 jIiR0 kvkO DTts QIhtb ciSF sRR2 a9nti rrtf W7pg 2WLlw 4Ao/ gxvi yj/hV 3Dnx DoJb xhppW 9nvn l9u3 EphSH f/9x yL1y 8dPnK xtX2 tes3 bm52b t0+M kWlO Y55IQ t9Ej ODUi gcky CJJ6V Glsc Sj+P TR038 +CVq Iwr1 jOYlT nOWK jETn JF1RZ 2vYY ypUL UgzMU rXLT DBkH 7cR5j ApQh HBih UkhZl WJzL /Qcm AEvzB llcV w/X0 QBhEL B03G UQi/ Y8tYl DhTp Iqk4 AgNv CCGJH A0MP bDjS bDZWp zDTK BMwN uPahY vPDj LBM+ ANFNm Vujc QKUS 1OD9q A09i TOCv JIkrD yrLb aAqW RJ4mu SFmn 2F6v fDlEl PzeN Ol2/ 72+Pg p0hN CAYb Y8s2B 36A9 +HQd 9fWt dZ22H U+RI mBa9 yVMQl M2Yy 8Eua 1kyT4 LKRr jJYM n7KUp xYqJ hdeF ov32g B960 nAbu VPYpg 6f01 o2a5 MfM8t sxGW fNnr HH+Kz apaL Y7rY UqK0L FV41 mlQQ qoHlw SIRG TnJu AeNa2 FmBZ 0wzT vZbt EOD9s +olL I6JD ynM5H YPvW w/0C ohVXo uwzw f3AU 9Ad+f /Ak6 O49X Gu14d x17j k9Z+ DsOHv OvnP ojB3 eetF6 03rb eue+ dt+7H 9yPK 6rbW ufccX 4z99 M3XR 3vgA= =</l atex it>
Z2 gauge field
<latexit sha1_base6 4="cRwzhCzVkZhLBu3n8ijv8N/tOgQ=">AAAC IHicdZDPTttAEMbX0PIntBDojV5WhEo9WWsHA kdULj1SqQFEHEXr9dhZsV5bu2MgsiLxLBx6pY /RG+LYvkRfoeuQSm1VPmmlT9/MaGZ/camkRca +ewuLL14uLa+sttZevV7faG9undqiMgL6olCF OY+5BSU19FGigvPSAM9jBWfx5XFTP7sCY2WhP +OkhGHOMy1TKTi6aNTe3o1yjuM4ri+mo3CXZr zKgKYSVDJqd5jP9nvhQZc2Juzt95w57LKAMRr 4bKYOmetk1P4ZJYWoctAoFLd2ELAShzU3KIWC aSuqLJRcXPIMBs5qnoMd1rM/TOk7lyQ0LYx7G uks/XOi5rm1kzx2nc3B9t9aE/6vNqgwPRzWU pcVghZPi9JKUSxoA4Qm0oBANXGGCyPdrVSMue ECHbZWZMEx1RmO6wjhBq9l4vbUXX9P6qkj9Bs Dfd6chn7A/OBT2Dn6MGe1Qt6SHfKeBOSAHJGP 5IT0iSC35Au5J1+9O++b9+A9PrUuePOZN+Qve T9+Aew3o58=</latexit><latexit sha1_base6 4="cRwzhCzVkZhLBu3n8ijv8N/tOgQ=">AAAC IHicdZDPTttAEMbX0PIntBDojV5WhEo9WWsHA kdULj1SqQFEHEXr9dhZsV5bu2MgsiLxLBx6pY /RG+LYvkRfoeuQSm1VPmmlT9/MaGZ/camkRca +ewuLL14uLa+sttZevV7faG9undqiMgL6olCF OY+5BSU19FGigvPSAM9jBWfx5XFTP7sCY2WhP +OkhGHOMy1TKTi6aNTe3o1yjuM4ri+mo3CXZr zKgKYSVDJqd5jP9nvhQZc2Juzt95w57LKAMRr 4bKYOmetk1P4ZJYWoctAoFLd2ELAShzU3KIWC aSuqLJRcXPIMBs5qnoMd1rM/TOk7lyQ0LYx7G uks/XOi5rm1kzx2nc3B9t9aE/6vNqgwPRzWU pcVghZPi9JKUSxoA4Qm0oBANXGGCyPdrVSMue ECHbZWZMEx1RmO6wjhBq9l4vbUXX9P6qkj9Bs Dfd6chn7A/OBT2Dn6MGe1Qt6SHfKeBOSAHJGP 5IT0iSC35Au5J1+9O++b9+A9PrUuePOZN+Qve T9+Aew3o58=</latexit><latexit sha1_base6 4="cRwzhCzVkZhLBu3n8ijv8N/tOgQ=">AAAC IHicdZDPTttAEMbX0PIntBDojV5WhEo9WWsHA kdULj1SqQFEHEXr9dhZsV5bu2MgsiLxLBx6pY /RG+LYvkRfoeuQSm1VPmmlT9/MaGZ/camkRca +ewuLL14uLa+sttZevV7faG9undqiMgL6olCF OY+5BSU19FGigvPSAM9jBWfx5XFTP7sCY2WhP +OkhGHOMy1TKTi6aNTe3o1yjuM4ri+mo3CXZr zKgKYSVDJqd5jP9nvhQZc2Juzt95w57LKAMRr 4bKYOmetk1P4ZJYWoctAoFLd2ELAShzU3KIWC aSuqLJRcXPIMBs5qnoMd1rM/TOk7lyQ0LYx7G uks/XOi5rm1kzx2nc3B9t9aE/6vNqgwPRzWU pcVghZPi9JKUSxoA4Qm0oBANXGGCyPdrVSMue ECHbZWZMEx1RmO6wjhBq9l4vbUXX9P6qkj9Bs Dfd6chn7A/OBT2Dn6MGe1Qt6SHfKeBOSAHJGP 5IT0iSC35Au5J1+9O++b9+A9PrUuePOZN+Qve T9+Aew3o58=</latexit><latexit sha1_base6 4="cRwzhCzVkZhLBu3n8ijv8N/tOgQ=">AAAC IHicdZDPTttAEMbX0PIntBDojV5WhEo9WWsHA kdULj1SqQFEHEXr9dhZsV5bu2MgsiLxLBx6pY /RG+LYvkRfoeuQSm1VPmmlT9/MaGZ/camkRca +ewuLL14uLa+sttZevV7faG9undqiMgL6olCF OY+5BSU19FGigvPSAM9jBWfx5XFTP7sCY2WhP +OkhGHOMy1TKTi6aNTe3o1yjuM4ri+mo3CXZr zKgKYSVDJqd5jP9nvhQZc2Juzt95w57LKAMRr 4bKYOmetk1P4ZJYWoctAoFLd2ELAShzU3KIWC aSuqLJRcXPIMBs5qnoMd1rM/TOk7lyQ0LYx7G uks/XOi5rm1kzx2nc3B9t9aE/6vNqgwPRzWU pcVghZPi9JKUSxoA4Qm0oBANXGGCyPdrVSMue ECHbZWZMEx1RmO6wjhBq9l4vbUXX9P6qkj9Bs Dfd6chn7A/OBT2Dn6MGe1Qt6SHfKeBOSAHJGP 5IT0iSC35Au5J1+9O++b9+A9PrUuePOZN+Qve T9+Aew3o58=</latexit>
Critical Field theory
m2H
<latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit>hHi = 0
<latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit>
Confined +
hHi 6= 0
<latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit><latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit><latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit><latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit>
+
Kartik (2018)
Critical theory is Nf = 2 SU(2) QCD3 and a critical Higgs field H
• Higgs phase, hHi 6= 0 has Z2 topological order and
massless Dirac orthogonal fermions
• When the Higgs field is gapped, QCD3 confines, leading to AFM order.
<la texit  sha1 _base 64=" qyQbl ptUs5 guO/1 +dFrV JkiNx Es="> AAAD NXicd VJNix NBEJ0 Zv9b4 ldWjl 8KMsE IIk2S JXoT VLBIQ ZRfNZ jETQk 9PzaT Znp6x uyPEk D/lxf /hSQ 8eFPH qX7Am mZVd0 YKB1/ Wquuq 9nqiQ wtgg +OJ6F y5eun xl62r t2vUb N2/Vt 28fmX yuOQ5 5LnN 9HDGD UigcW mElHh caWRZ JHEUn /ZIfv UNtRK 5e20 WBk4y lSiSC M0up6 bb7PI wwFWr JUVnU q1pf C0usB DvDXC 9AGPB fTpPH HR9eD Xc6D+ Cwv+9 Puz4 wFQMD flo+E GlqIB EoY/A Hfq26 VljMx Htc1 cISVV XFjDZ ugh9K plKJM IBQb1 Co8C0 EPlAB 0Rmz syhav llNab rNC1K Trofl OkZdb hCGkD FjJBo D+0I zTpSd 5Wmuq CpBnZ FIU80 ezVCV qs6tS vJSV hQYN/ 8I47l KyE3T BIksF iql0f Dk2Yv N1FYt RBWf 0VWeK vOm9U bQ2g1 63XYX glawD gK7nU 6v14 N2lWk 4VRxM 65/CO OfzjN q5JB3 jdlDY yZJp8 lSWl 88NFo yfsBT HBBXL 0EyW6 1dfwX 3KxJD kmj5l YZ09 27Fkm TGLLK LK0kj zN1cm /8WN5 zZ5NF kKVc wtKr4 ZlMxl aUP5C 0EsNH IrFwT Y5v2B zxiZT x6YG plwqh T+D44 6rXbQ ah92G ntPKz u2nLv OPWfH aTsP nT1n4 Bw4Q4 e7H9z P7jf3 u/fR+ +r98H 5uSj 236rn jnAvv 129dt QK9</ latex it><la texit  sha1 _base 64=" qyQbl ptUs5 guO/1 +dFrV JkiNx Es="> AAAD NXicd VJNix NBEJ0 Zv9b4 ldWjl 8KMsE IIk2S JXoT VLBIQ ZRfNZ jETQk 9PzaT Znp6x uyPEk D/lxf /hSQ 8eFPH qX7Am mZVd0 YKB1/ Wquuq 9nqiQ wtgg +OJ6F y5eun xl62r t2vUb N2/Vt 28fmX yuOQ5 5LnN 9HDGD UigcW mElHh caWRZ JHEUn /ZIfv UNtRK 5e20 WBk4y lSiSC M0up6 bb7PI wwFWr JUVnU q1pf C0usB DvDXC 9AGPB fTpPH HR9eD Xc6D+ Cwv+9 Puz4 wFQMD flo+E GlqIB EoY/A Hfq26 VljMx Htc1 cISVV XFjDZ ugh9K plKJM IBQb1 Co8C0 EPlAB 0Rmz syhav llNab rNC1K Trofl OkZdb hCGkD FjJBo D+0I zTpSd 5Wmuq CpBnZ FIU80 ezVCV qs6tS vJSV hQYN/ 8I47l KyE3T BIksF iql0f Dk2Yv N1FYt RBWf 0VWeK vOm9U bQ2g1 63XYX glawD gK7nU 6v14 N2lWk 4VRxM 65/CO OfzjN q5JB3 jdlDY yZJp8 lSWl 88NFo yfsBT HBBXL 0EyW6 1dfwX 3KxJD kmj5l YZ09 27Fkm TGLLK LK0kj zN1cm /8WN5 zZ5NF kKVc wtKr4 ZlMxl aUP5C 0EsNH IrFwT Y5v2B zxiZT x6YG plwqh T+D44 6rXbQ ah92G ntPKz u2nLv OPWfH aTsP nT1n4 Bw4Q4 e7H9z P7jf3 u/fR+ +r98H 5uSj 236rn jnAvv 129dt QK9</ latex it><la texit  sha1 _base 64=" qyQbl ptUs5 guO/1 +dFrV JkiNx Es="> AAAD NXicd VJNix NBEJ0 Zv9b4 ldWjl 8KMsE IIk2S JXoT VLBIQ ZRfNZ jETQk 9PzaT Znp6x uyPEk D/lxf /hSQ 8eFPH qX7Am mZVd0 YKB1/ Wquuq 9nqiQ wtgg +OJ6F y5eun xl62r t2vUb N2/Vt 28fmX yuOQ5 5LnN 9HDGD UigcW mElHh caWRZ JHEUn /ZIfv UNtRK 5e20 WBk4y lSiSC M0up6 bb7PI wwFWr JUVnU q1pf C0usB DvDXC 9AGPB fTpPH HR9eD Xc6D+ Cwv+9 Puz4 wFQMD flo+E GlqIB EoY/A Hfq26 VljMx Htc1 cISVV XFjDZ ugh9K plKJM IBQb1 Co8C0 EPlAB 0Rmz syhav llNab rNC1K Trofl OkZdb hCGkD FjJBo D+0I zTpSd 5Wmuq CpBnZ FIU80 ezVCV qs6tS vJSV hQYN/ 8I47l KyE3T BIksF iql0f Dk2Yv N1FYt RBWf 0VWeK vOm9U bQ2g1 63XYX glawD gK7nU 6v14 N2lWk 4VRxM 65/CO OfzjN q5JB3 jdlDY yZJp8 lSWl 88NFo yfsBT HBBXL 0EyW6 1dfwX 3KxJD kmj5l YZ09 27Fkm TGLLK LK0kj zN1cm /8WN5 zZ5NF kKVc wtKr4 ZlMxl aUP5C 0EsNH IrFwT Y5v2B zxiZT x6YG plwqh T+D44 6rXbQ ah92G ntPKz u2nLv OPWfH aTsP nT1n4 Bw4Q4 e7H9z P7jf3 u/fR+ +r98H 5uSj 236rn jnAvv 129dt QK9</ latex it><la texit  sha1 _base 64=" qyQbl ptUs5 guO/1 +dFrV JkiNx Es="> AAAD NXicd VJNix NBEJ0 Zv9b4 ldWjl 8KMsE IIk2S JXoT VLBIQ ZRfNZ jETQk 9PzaT Znp6x uyPEk D/lxf /hSQ 8eFPH qX7Am mZVd0 YKB1/ Wquuq 9nqiQ wtgg +OJ6F y5eun xl62r t2vUb N2/Vt 28fmX yuOQ5 5LnN 9HDGD UigcW mElHh caWRZ JHEUn /ZIfv UNtRK 5e20 WBk4y lSiSC M0up6 bb7PI wwFWr JUVnU q1pf C0usB DvDXC 9AGPB fTpPH HR9eD Xc6D+ Cwv+9 Puz4 wFQMD flo+E GlqIB EoY/A Hfq26 VljMx Htc1 cISVV XFjDZ ugh9K plKJM IBQb1 Co8C0 EPlAB 0Rmz syhav llNab rNC1K Trofl OkZdb hCGkD FjJBo D+0I zTpSd 5Wmuq CpBnZ FIU80 ezVCV qs6tS vJSV hQYN/ 8I47l KyE3T BIksF iql0f Dk2Yv N1FYt RBWf 0VWeK vOm9U bQ2g1 63XYX glawD gK7nU 6v14 N2lWk 4VRxM 65/CO OfzjN q5JB3 jdlDY yZJp8 lSWl 88NFo yfsBT HBBXL 0EyW6 1dfwX 3KxJD kmj5l YZ09 27Fkm TGLLK LK0kj zN1cm /8WN5 zZ5NF kKVc wtKr4 ZlMxl aUP5C 0EsNH IrFwT Y5v2B zxiZT x6YG plwqh T+D44 6rXbQ ah92G ntPKz u2nLv OPWfH aTsP nT1n4 Bw4Q4 e7H9z P7jf3 u/fR+ +r98H 5uSj 236rn jnAvv 129dt QK9</ latex it>
• Embed the Ising gauge theory as Z2 2 SUg(2)
• Introduce a 3⇥3 real matrix field Hab which trans-
forms under SUg(2) (left multiplication) and SUc(2)
(right multiplication).
<la texi t sh a1_ba se64 ="TM FaHb2 nLe0 n1fv Pr3DS e27m YDQ= ">AAA DAHi cdVJ Lb9NA EHbM q4RH Axy5 jIiR0 kvkO DTts QIhtb ciSF sRR2 a9nti rrtf W7pg 2WLlw 4Ao/ gxvi yj/hV 3Dnx DoJb xhppW 9nvn l9u3 EphSH f/9x yL1y 8dPnK xtX2 tes3 bm52b t0+M kWlO Y55IQ t9Ej ODUi gcky CJJ6V Glsc Sj+P TR038 +CVq Iwr1 jOYlT nOWK jETn JF1RZ 2vYY ypUL UgzMU rXLT DBkH 7cR5j ApQh HBih UkhZl WJzL /Qcm AEvzB llcV w/X0 QBhEL B03G UQi/ Y8tYl DhTp Iqk4 AgNv CCGJH A0MP bDjS bDZWp zDTK BMwN uPahY vPDj LBM+ ANFNm Vujc QKUS 1OD9q A09i TOCv JIkrD yrLb aAqW RJ4mu SFmn 2F6v fDlEl PzeN Ol2/ 72+Pg p0hN CAYb Y8s2B 36A9 +HQd 9fWt dZ22H U+RI mBa9 yVMQl M2Yy 8Eua 1kyT4 LKRr jJYM n7KUp xYqJ hdeF ov32g B960 nAbu VPYpg 6f01 o2a5 MfM8t sxGW fNnr HH+Kz apaL Y7rY UqK0L FV41 mlQQ qoHlw SIRG TnJu AeNa2 FmBZ 0wzT vZbt EOD9s +olL I6JD ynM5H YPvW w/0C ohVXo uwzw f3AU 9Ad+f /Ak6 O49X Gu14d x17j k9Z+ DsOHv OvnP ojB3 eetF6 03rb eue+ dt+7H 9yPK 6rbW ufccX 4z99 M3XR 3vgA= =</l atex it><la texi t sh a1_ba se64 ="TM FaHb2 nLe0 n1fv Pr3DS e27m YDQ= ">AAA DAHi cdVJ Lb9NA EHbM q4RH Axy5 jIiR0 kvkO DTts QIhtb ciSF sRR2 a9nti rrtf W7pg 2WLlw 4Ao/ gxvi yj/hV 3Dnx DoJb xhppW 9nvn l9u3 EphSH f/9x yL1y 8dPnK xtX2 tes3 bm52b t0+M kWlO Y55IQ t9Ej ODUi gcky CJJ6V Glsc Sj+P TR038 +CVq Iwr1 jOYlT nOWK jETn JF1RZ 2vYY ypUL UgzMU rXLT DBkH 7cR5j ApQh HBih UkhZl WJzL /Qcm AEvzB llcV w/X0 QBhEL B03G UQi/ Y8tYl DhTp Iqk4 AgNv CCGJH A0MP bDjS bDZWp zDTK BMwN uPahY vPDj LBM+ ANFNm Vujc QKUS 1OD9q A09i TOCv JIkrD yrLb aAqW RJ4mu SFmn 2F6v fDlEl PzeN Ol2/ 72+Pg p0hN CAYb Y8s2B 36A9 +HQd 9fWt dZ22H U+RI mBa9 yVMQl M2Yy 8Eua 1kyT4 LKRr jJYM n7KUp xYqJ hdeF ov32g B960 nAbu VPYpg 6f01 o2a5 MfM8t sxGW fNnr HH+Kz apaL Y7rY UqK0L FV41 mlQQ qoHlw SIRG TnJu AeNa2 FmBZ 0wzT vZbt EOD9s +olL I6JD ynM5H YPvW w/0C ohVXo uwzw f3AU 9Ad+f /Ak6 O49X Gu14d x17j k9Z+ DsOHv OvnP ojB3 eetF6 03rb eue+ dt+7H 9yPK 6rbW ufccX 4z99 M3XR 3vgA= =</l atex it><la texi t sh a1_ba se64 ="TM FaHb2 nLe0 n1fv Pr3DS e27m YDQ= ">AAA DAHi cdVJ Lb9NA EHbM q4RH Axy5 jIiR0 kvkO DTts QIhtb ciSF sRR2 a9nti rrtf W7pg 2WLlw 4Ao/ gxvi yj/hV 3Dnx DoJb xhppW 9nvn l9u3 EphSH f/9x yL1y 8dPnK xtX2 tes3 bm52b t0+M kWlO Y55IQ t9Ej ODUi gcky CJJ6V Glsc Sj+P TR038 +CVq Iwr1 jOYlT nOWK jETn JF1RZ 2vYY ypUL UgzMU rXLT DBkH 7cR5j ApQh HBih UkhZl WJzL /Qcm AEvzB llcV w/X0 QBhEL B03G UQi/ Y8tYl DhTp Iqk4 AgNv CCGJH A0MP bDjS bDZWp zDTK BMwN uPahY vPDj LBM+ ANFNm Vujc QKUS 1OD9q A09i TOCv JIkrD yrLb aAqW RJ4mu SFmn 2F6v fDlEl PzeN Ol2/ 72+Pg p0hN CAYb Y8s2B 36A9 +HQd 9fWt dZ22H U+RI mBa9 yVMQl M2Yy 8Eua 1kyT4 LKRr jJYM n7KUp xYqJ hdeF ov32g B960 nAbu VPYpg 6f01 o2a5 MfM8t sxGW fNnr HH+Kz apaL Y7rY UqK0L FV41 mlQQ qoHlw SIRG TnJu AeNa2 FmBZ 0wzT vZbt EOD9s +olL I6JD ynM5H YPvW w/0C ohVXo uwzw f3AU 9Ad+f /Ak6 O49X Gu14d x17j k9Z+ DsOHv OvnP ojB3 eetF6 03rb eue+ dt+7H 9yPK 6rbW ufccX 4z99 M3XR 3vgA= =</l atex it><la texi t sh a1_ba se64 ="TM FaHb2 nLe0 n1fv Pr3DS e27m YDQ= ">AAA DAHi cdVJ Lb9NA EHbM q4RH Axy5 jIiR0 kvkO DTts QIhtb ciSF sRR2 a9nti rrtf W7pg 2WLlw 4Ao/ gxvi yj/hV 3Dnx DoJb xhppW 9nvn l9u3 EphSH f/9x yL1y 8dPnK xtX2 tes3 bm52b t0+M kWlO Y55IQ t9Ej ODUi gcky CJJ6V Glsc Sj+P TR038 +CVq Iwr1 jOYlT nOWK jETn JF1RZ 2vYY ypUL UgzMU rXLT DBkH 7cR5j ApQh HBih UkhZl WJzL /Qcm AEvzB llcV w/X0 QBhEL B03G UQi/ Y8tYl DhTp Iqk4 AgNv CCGJH A0MP bDjS bDZWp zDTK BMwN uPahY vPDj LBM+ ANFNm Vujc QKUS 1OD9q A09i TOCv JIkrD yrLb aAqW RJ4mu SFmn 2F6v fDlEl PzeN Ol2/ 72+Pg p0hN CAYb Y8s2B 36A9 +HQd 9fWt dZ22H U+RI mBa9 yVMQl M2Yy 8Eua 1kyT4 LKRr jJYM n7KUp xYqJ hdeF ov32g B960 nAbu VPYpg 6f01 o2a5 MfM8t sxGW fNnr HH+Kz apaL Y7rY UqK0L FV41 mlQQ qoHlw SIRG TnJu AeNa2 FmBZ 0wzT vZbt EOD9s +olL I6JD ynM5H YPvW w/0C ohVXo uwzw f3AU 9Ad+f /Ak6 O49X Gu14d x17j k9Z+ DsOHv OvnP ojB3 eetF6 03rb eue+ dt+7H 9yPK 6rbW ufccX 4z99 M3XR 3vgA= =</l atex it>
Z2 gauge field
<latexit sha1_base6 4="cRwzhCzVkZhLBu3n8ijv8N/tOgQ=">AAAC IHicdZDPTttAEMbX0PIntBDojV5WhEo9WWsHA kdULj1SqQFEHEXr9dhZsV5bu2MgsiLxLBx6pY /RG+LYvkRfoeuQSm1VPmmlT9/MaGZ/camkRca +ewuLL14uLa+sttZevV7faG9undqiMgL6olCF OY+5BSU19FGigvPSAM9jBWfx5XFTP7sCY2WhP +OkhGHOMy1TKTi6aNTe3o1yjuM4ri+mo3CXZr zKgKYSVDJqd5jP9nvhQZc2Juzt95w57LKAMRr 4bKYOmetk1P4ZJYWoctAoFLd2ELAShzU3KIWC aSuqLJRcXPIMBs5qnoMd1rM/TOk7lyQ0LYx7G uks/XOi5rm1kzx2nc3B9t9aE/6vNqgwPRzWU pcVghZPi9JKUSxoA4Qm0oBANXGGCyPdrVSMue ECHbZWZMEx1RmO6wjhBq9l4vbUXX9P6qkj9Bs Dfd6chn7A/OBT2Dn6MGe1Qt6SHfKeBOSAHJGP 5IT0iSC35Au5J1+9O++b9+A9PrUuePOZN+Qve T9+Aew3o58=</latexit><latexit sha1_base6 4="cRwzhCzVkZhLBu3n8ijv8N/tOgQ=">AAAC IHicdZDPTttAEMbX0PIntBDojV5WhEo9WWsHA kdULj1SqQFEHEXr9dhZsV5bu2MgsiLxLBx6pY /RG+LYvkRfoeuQSm1VPmmlT9/MaGZ/camkRca +ewuLL14uLa+sttZevV7faG9undqiMgL6olCF OY+5BSU19FGigvPSAM9jBWfx5XFTP7sCY2WhP +OkhGHOMy1TKTi6aNTe3o1yjuM4ri+mo3CXZr zKgKYSVDJqd5jP9nvhQZc2Juzt95w57LKAMRr 4bKYOmetk1P4ZJYWoctAoFLd2ELAShzU3KIWC aSuqLJRcXPIMBs5qnoMd1rM/TOk7lyQ0LYx7G uks/XOi5rm1kzx2nc3B9t9aE/6vNqgwPRzWU pcVghZPi9JKUSxoA4Qm0oBANXGGCyPdrVSMue ECHbZWZMEx1RmO6wjhBq9l4vbUXX9P6qkj9Bs Dfd6chn7A/OBT2Dn6MGe1Qt6SHfKeBOSAHJGP 5IT0iSC35Au5J1+9O++b9+A9PrUuePOZN+Qve T9+Aew3o58=</latexit><latexit sha1_base6 4="cRwzhCzVkZhLBu3n8ijv8N/tOgQ=">AAAC IHicdZDPTttAEMbX0PIntBDojV5WhEo9WWsHA kdULj1SqQFEHEXr9dhZsV5bu2MgsiLxLBx6pY /RG+LYvkRfoeuQSm1VPmmlT9/MaGZ/camkRca +ewuLL14uLa+sttZevV7faG9undqiMgL6olCF OY+5BSU19FGigvPSAM9jBWfx5XFTP7sCY2WhP +OkhGHOMy1TKTi6aNTe3o1yjuM4ri+mo3CXZr zKgKYSVDJqd5jP9nvhQZc2Juzt95w57LKAMRr 4bKYOmetk1P4ZJYWoctAoFLd2ELAShzU3KIWC aSuqLJRcXPIMBs5qnoMd1rM/TOk7lyQ0LYx7G uks/XOi5rm1kzx2nc3B9t9aE/6vNqgwPRzWU pcVghZPi9JKUSxoA4Qm0oBANXGGCyPdrVSMue ECHbZWZMEx1RmO6wjhBq9l4vbUXX9P6qkj9Bs Dfd6chn7A/OBT2Dn6MGe1Qt6SHfKeBOSAHJGP 5IT0iSC35Au5J1+9O++b9+A9PrUuePOZN+Qve T9+Aew3o58=</latexit><latexit sha1_base6 4="cRwzhCzVkZhLBu3n8ijv8N/tOgQ=">AAAC IHicdZDPTttAEMbX0PIntBDojV5WhEo9WWsHA kdULj1SqQFEHEXr9dhZsV5bu2MgsiLxLBx6pY /RG+LYvkRfoeuQSm1VPmmlT9/MaGZ/camkRca +ewuLL14uLa+sttZevV7faG9undqiMgL6olCF OY+5BSU19FGigvPSAM9jBWfx5XFTP7sCY2WhP +OkhGHOMy1TKTi6aNTe3o1yjuM4ri+mo3CXZr zKgKYSVDJqd5jP9nvhQZc2Juzt95w57LKAMRr 4bKYOmetk1P4ZJYWoctAoFLd2ELAShzU3KIWC aSuqLJRcXPIMBs5qnoMd1rM/TOk7lyQ0LYx7G uks/XOi5rm1kzx2nc3B9t9aE/6vNqgwPRzWU pcVghZPi9JKUSxoA4Qm0oBANXGGCyPdrVSMue ECHbZWZMEx1RmO6wjhBq9l4vbUXX9P6qkj9Bs Dfd6chn7A/OBT2Dn6MGe1Qt6SHfKeBOSAHJGP 5IT0iSC35Au5J1+9O++b9+A9PrUuePOZN+Qve T9+Aew3o58=</latexit>
Critical Field theory
m2H
<latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit>hHi = 0
<latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit>
Confined +
hHi 6= 0
<latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit><latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit><latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit><latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit>
+
Kartik (2018)
• Embed the Ising gauge theory as Z2 2 SUg(2)
• Introduce a 3⇥3 real matrix field Hab which trans-
forms under SUg(2) (left multiplication) and SUc(2)
(right multiplication).
<la texi t sh a1_ba se64 ="TM FaHb2 nLe0 n1fv Pr3DS e27m YDQ= ">AAA DAHi cdVJ Lb9NA EHbM q4RH Axy5 jIiR0 kvkO DTts QIhtb ciSF sRR2 a9nti rrtf W7pg 2WLlw 4Ao/ gxvi yj/hV 3Dnx DoJb xhppW 9nvn l9u3 EphSH f/9x yL1y 8dPnK xtX2 tes3 bm52b t0+M kWlO Y55IQ t9Ej ODUi gcky CJJ6V Glsc Sj+P TR038 +CVq Iwr1 jOYlT nOWK jETn JF1RZ 2vYY ypUL UgzMU rXLT DBkH 7cR5j ApQh HBih UkhZl WJzL /Qcm AEvzB llcV w/X0 QBhEL B03G UQi/ Y8tYl DhTp Iqk4 AgNv CCGJH A0MP bDjS bDZWp zDTK BMwN uPahY vPDj LBM+ ANFNm Vujc QKUS 1OD9q A09i TOCv JIkrD yrLb aAqW RJ4mu SFmn 2F6v fDlEl PzeN Ol2/ 72+Pg p0hN CAYb Y8s2B 36A9 +HQd 9fWt dZ22H U+RI mBa9 yVMQl M2Yy 8Eua 1kyT4 LKRr jJYM n7KUp xYqJ hdeF ov32g B960 nAbu VPYpg 6f01 o2a5 MfM8t sxGW fNnr HH+Kz apaL Y7rY UqK0L FV41 mlQQ qoHlw SIRG TnJu AeNa2 FmBZ 0wzT vZbt EOD9s +olL I6JD ynM5H YPvW w/0C ohVXo uwzw f3AU 9Ad+f /Ak6 O49X Gu14d x17j k9Z+ DsOHv OvnP ojB3 eetF6 03rb eue+ dt+7H 9yPK 6rbW ufccX 4z99 M3XR 3vgA= =</l atex it><la texi t sh a1_ba se64 ="TM FaHb2 nLe0 n1fv Pr3DS e27m YDQ= ">AAA DAHi cdVJ Lb9NA EHbM q4RH Axy5 jIiR0 kvkO DTts QIhtb ciSF sRR2 a9nti rrtf W7pg 2WLlw 4Ao/ gxvi yj/hV 3Dnx DoJb xhppW 9nvn l9u3 EphSH f/9x yL1y 8dPnK xtX2 tes3 bm52b t0+M kWlO Y55IQ t9Ej ODUi gcky CJJ6V Glsc Sj+P TR038 +CVq Iwr1 jOYlT nOWK jETn JF1RZ 2vYY ypUL UgzMU rXLT DBkH 7cR5j ApQh HBih UkhZl WJzL /Qcm AEvzB llcV w/X0 QBhEL B03G UQi/ Y8tYl DhTp Iqk4 AgNv CCGJH A0MP bDjS bDZWp zDTK BMwN uPahY vPDj LBM+ ANFNm Vujc QKUS 1OD9q A09i TOCv JIkrD yrLb aAqW RJ4mu SFmn 2F6v fDlEl PzeN Ol2/ 72+Pg p0hN CAYb Y8s2B 36A9 +HQd 9fWt dZ22H U+RI mBa9 yVMQl M2Yy 8Eua 1kyT4 LKRr jJYM n7KUp xYqJ hdeF ov32g B960 nAbu VPYpg 6f01 o2a5 MfM8t sxGW fNnr HH+Kz apaL Y7rY UqK0L FV41 mlQQ qoHlw SIRG TnJu AeNa2 FmBZ 0wzT vZbt EOD9s +olL I6JD ynM5H YPvW w/0C ohVXo uwzw f3AU 9Ad+f /Ak6 O49X Gu14d x17j k9Z+ DsOHv OvnP ojB3 eetF6 03rb eue+ dt+7H 9yPK 6rbW ufccX 4z99 M3XR 3vgA= =</l atex it><la texi t sh a1_ba se64 ="TM FaHb2 nLe0 n1fv Pr3DS e27m YDQ= ">AAA DAHi cdVJ Lb9NA EHbM q4RH Axy5 jIiR0 kvkO DTts QIhtb ciSF sRR2 a9nti rrtf W7pg 2WLlw 4Ao/ gxvi yj/hV 3Dnx DoJb xhppW 9nvn l9u3 EphSH f/9x yL1y 8dPnK xtX2 tes3 bm52b t0+M kWlO Y55IQ t9Ej ODUi gcky CJJ6V Glsc Sj+P TR038 +CVq Iwr1 jOYlT nOWK jETn JF1RZ 2vYY ypUL UgzMU rXLT DBkH 7cR5j ApQh HBih UkhZl WJzL /Qcm AEvzB llcV w/X0 QBhEL B03G UQi/ Y8tYl DhTp Iqk4 AgNv CCGJH A0MP bDjS bDZWp zDTK BMwN uPahY vPDj LBM+ ANFNm Vujc QKUS 1OD9q A09i TOCv JIkrD yrLb aAqW RJ4mu SFmn 2F6v fDlEl PzeN Ol2/ 72+Pg p0hN CAYb Y8s2B 36A9 +HQd 9fWt dZ22H U+RI mBa9 yVMQl M2Yy 8Eua 1kyT4 LKRr jJYM n7KUp xYqJ hdeF ov32g B960 nAbu VPYpg 6f01 o2a5 MfM8t sxGW fNnr HH+Kz apaL Y7rY UqK0L FV41 mlQQ qoHlw SIRG TnJu AeNa2 FmBZ 0wzT vZbt EOD9s +olL I6JD ynM5H YPvW w/0C ohVXo uwzw f3AU 9Ad+f /Ak6 O49X Gu14d x17j k9Z+ DsOHv OvnP ojB3 eetF6 03rb eue+ dt+7H 9yPK 6rbW ufccX 4z99 M3XR 3vgA= =</l atex it><la texi t sh a1_ba se64 ="TM FaHb2 nLe0 n1fv Pr3DS e27m YDQ= ">AAA DAHi cdVJ Lb9NA EHbM q4RH Axy5 jIiR0 kvkO DTts QIhtb ciSF sRR2 a9nti rrtf W7pg 2WLlw 4Ao/ gxvi yj/hV 3Dnx DoJb xhppW 9nvn l9u3 EphSH f/9x yL1y 8dPnK xtX2 tes3 bm52b t0+M kWlO Y55IQ t9Ej ODUi gcky CJJ6V Glsc Sj+P TR038 +CVq Iwr1 jOYlT nOWK jETn JF1RZ 2vYY ypUL UgzMU rXLT DBkH 7cR5j ApQh HBih UkhZl WJzL /Qcm AEvzB llcV w/X0 QBhEL B03G UQi/ Y8tYl DhTp Iqk4 AgNv CCGJH A0MP bDjS bDZWp zDTK BMwN uPahY vPDj LBM+ ANFNm Vujc QKUS 1OD9q A09i TOCv JIkrD yrLb aAqW RJ4mu SFmn 2F6v fDlEl PzeN Ol2/ 72+Pg p0hN CAYb Y8s2B 36A9 +HQd 9fWt dZ22H U+RI mBa9 yVMQl M2Yy 8Eua 1kyT4 LKRr jJYM n7KUp xYqJ hdeF ov32g B960 nAbu VPYpg 6f01 o2a5 MfM8t sxGW fNnr HH+Kz apaL Y7rY UqK0L FV41 mlQQ qoHlw SIRG TnJu AeNa2 FmBZ 0wzT vZbt EOD9s +olL I6JD ynM5H YPvW w/0C ohVXo uwzw f3AU 9Ad+f /Ak6 O49X Gu14d x17j k9Z+ DsOHv OvnP ojB3 eetF6 03rb eue+ dt+7H 9yPK 6rbW ufccX 4z99 M3XR 3vgA= =</l atex it>
Z2 gauge field
<latexit sha1_base6 4="cRwzhCzVkZhLBu3n8ijv8N/tOgQ=">AAAC IHicdZDPTttAEMbX0PIntBDojV5WhEo9WWsHA kdULj1SqQFEHEXr9dhZsV5bu2MgsiLxLBx6pY /RG+LYvkRfoeuQSm1VPmmlT9/MaGZ/camkRca +ewuLL14uLa+sttZevV7faG9undqiMgL6olCF OY+5BSU19FGigvPSAM9jBWfx5XFTP7sCY2WhP +OkhGHOMy1TKTi6aNTe3o1yjuM4ri+mo3CXZr zKgKYSVDJqd5jP9nvhQZc2Juzt95w57LKAMRr 4bKYOmetk1P4ZJYWoctAoFLd2ELAShzU3KIWC aSuqLJRcXPIMBs5qnoMd1rM/TOk7lyQ0LYx7G uks/XOi5rm1kzx2nc3B9t9aE/6vNqgwPRzWU pcVghZPi9JKUSxoA4Qm0oBANXGGCyPdrVSMue ECHbZWZMEx1RmO6wjhBq9l4vbUXX9P6qkj9Bs Dfd6chn7A/OBT2Dn6MGe1Qt6SHfKeBOSAHJGP 5IT0iSC35Au5J1+9O++b9+A9PrUuePOZN+Qve T9+Aew3o58=</latexit><latexit sha1_base6 4="cRwzhCzVkZhLBu3n8ijv8N/tOgQ=">AAAC IHicdZDPTttAEMbX0PIntBDojV5WhEo9WWsHA kdULj1SqQFEHEXr9dhZsV5bu2MgsiLxLBx6pY /RG+LYvkRfoeuQSm1VPmmlT9/MaGZ/camkRca +ewuLL14uLa+sttZevV7faG9undqiMgL6olCF OY+5BSU19FGigvPSAM9jBWfx5XFTP7sCY2WhP +OkhGHOMy1TKTi6aNTe3o1yjuM4ri+mo3CXZr zKgKYSVDJqd5jP9nvhQZc2Juzt95w57LKAMRr 4bKYOmetk1P4ZJYWoctAoFLd2ELAShzU3KIWC aSuqLJRcXPIMBs5qnoMd1rM/TOk7lyQ0LYx7G uks/XOi5rm1kzx2nc3B9t9aE/6vNqgwPRzWU pcVghZPi9JKUSxoA4Qm0oBANXGGCyPdrVSMue ECHbZWZMEx1RmO6wjhBq9l4vbUXX9P6qkj9Bs Dfd6chn7A/OBT2Dn6MGe1Qt6SHfKeBOSAHJGP 5IT0iSC35Au5J1+9O++b9+A9PrUuePOZN+Qve T9+Aew3o58=</latexit><latexit sha1_base6 4="cRwzhCzVkZhLBu3n8ijv8N/tOgQ=">AAAC IHicdZDPTttAEMbX0PIntBDojV5WhEo9WWsHA kdULj1SqQFEHEXr9dhZsV5bu2MgsiLxLBx6pY /RG+LYvkRfoeuQSm1VPmmlT9/MaGZ/camkRca +ewuLL14uLa+sttZevV7faG9undqiMgL6olCF OY+5BSU19FGigvPSAM9jBWfx5XFTP7sCY2WhP +OkhGHOMy1TKTi6aNTe3o1yjuM4ri+mo3CXZr zKgKYSVDJqd5jP9nvhQZc2Juzt95w57LKAMRr 4bKYOmetk1P4ZJYWoctAoFLd2ELAShzU3KIWC aSuqLJRcXPIMBs5qnoMd1rM/TOk7lyQ0LYx7G uks/XOi5rm1kzx2nc3B9t9aE/6vNqgwPRzWU pcVghZPi9JKUSxoA4Qm0oBANXGGCyPdrVSMue ECHbZWZMEx1RmO6wjhBq9l4vbUXX9P6qkj9Bs Dfd6chn7A/OBT2Dn6MGe1Qt6SHfKeBOSAHJGP 5IT0iSC35Au5J1+9O++b9+A9PrUuePOZN+Qve T9+Aew3o58=</latexit><latexit sha1_base6 4="cRwzhCzVkZhLBu3n8ijv8N/tOgQ=">AAAC IHicdZDPTttAEMbX0PIntBDojV5WhEo9WWsHA kdULj1SqQFEHEXr9dhZsV5bu2MgsiLxLBx6pY /RG+LYvkRfoeuQSm1VPmmlT9/MaGZ/camkRca +ewuLL14uLa+sttZevV7faG9undqiMgL6olCF OY+5BSU19FGigvPSAM9jBWfx5XFTP7sCY2WhP +OkhGHOMy1TKTi6aNTe3o1yjuM4ri+mo3CXZr zKgKYSVDJqd5jP9nvhQZc2Juzt95w57LKAMRr 4bKYOmetk1P4ZJYWoctAoFLd2ELAShzU3KIWC aSuqLJRcXPIMBs5qnoMd1rM/TOk7lyQ0LYx7G uks/XOi5rm1kzx2nc3B9t9aE/6vNqgwPRzWU pcVghZPi9JKUSxoA4Qm0oBANXGGCyPdrVSMue ECHbZWZMEx1RmO6wjhBq9l4vbUXX9P6qkj9Bs Dfd6chn7A/OBT2Dn6MGe1Qt6SHfKeBOSAHJGP 5IT0iSC35Au5J1+9O++b9+A9PrUuePOZN+Qve T9+Aew3o58=</latexit>
Prediction - Nf = 2 SU(2) QCD3 has an 
emergent SO(5) global symmetry 
Evidence for SO(5) symmetry
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<latexit sha1_bas e64="f3UnPTK+1loXaxd+2n45la7tnYE= ">AAACKXicbVDLSgMxFM34rPVVdekmWAT dlBlR1IVgK4gb8VGrhU4ZMmmmDWYyQ3JH LMN8jxt/xU0Xvrb+iGntQlsP3MvhnHtJ7 vFjwTXY9oc1MTk1PTObm8vPLywuLRdWVm 91lCjKajQSkar7RDPBJasBB8HqsWIk9AW 78+9P+v7dA1OaR/IGujFrhqQtecApASN 5hfK1l1Yvtva2syM3UISmLu1wL3WBPYLp XHbxbaWaZdk/Rvn03BheoWiX7AHwOHGGp IiGuPQKPbcV0SRkEqggWjccO4ZmShRwKl iWdxPNYkLvSZs1DJUkZLqZDk7N8KZRWji IlCkJeKD+3khJqHU39M1kSKCjR72++J/X SCA4aKZcxgkwSX8eChKBIcL93HCLK0ZBd A0hVHHzV0w7xCQGJt28CcEZPXmc1HZKhy Xnard4XBmmkUPraANtIQfto2N0hi5RDVH 0hF7QK3qznq2e9W59/oxOWMOdNfQH1tc3 k5+oPg==</latexit><latexit sha1_bas e64="f3UnPTK+1loXaxd+2n45la7tnYE= ">AAACKXicbVDLSgMxFM34rPVVdekmWAT dlBlR1IVgK4gb8VGrhU4ZMmmmDWYyQ3JH LMN8jxt/xU0Xvrb+iGntQlsP3MvhnHtJ7 vFjwTXY9oc1MTk1PTObm8vPLywuLRdWVm 91lCjKajQSkar7RDPBJasBB8HqsWIk9AW 78+9P+v7dA1OaR/IGujFrhqQtecApASN 5hfK1l1Yvtva2syM3UISmLu1wL3WBPYLp XHbxbaWaZdk/Rvn03BheoWiX7AHwOHGGp IiGuPQKPbcV0SRkEqggWjccO4ZmShRwKl iWdxPNYkLvSZs1DJUkZLqZDk7N8KZRWji IlCkJeKD+3khJqHU39M1kSKCjR72++J/X SCA4aKZcxgkwSX8eChKBIcL93HCLK0ZBd A0hVHHzV0w7xCQGJt28CcEZPXmc1HZKhy Xnard4XBmmkUPraANtIQfto2N0hi5RDVH 0hF7QK3qznq2e9W59/oxOWMOdNfQH1tc3 k5+oPg==</latexit><latexit sha1_bas e64="f3UnPTK+1loXaxd+2n45la7tnYE= ">AAACKXicbVDLSgMxFM34rPVVdekmWAT dlBlR1IVgK4gb8VGrhU4ZMmmmDWYyQ3JH LMN8jxt/xU0Xvrb+iGntQlsP3MvhnHtJ7 vFjwTXY9oc1MTk1PTObm8vPLywuLRdWVm 91lCjKajQSkar7RDPBJasBB8HqsWIk9AW 78+9P+v7dA1OaR/IGujFrhqQtecApASN 5hfK1l1Yvtva2syM3UISmLu1wL3WBPYLp XHbxbaWaZdk/Rvn03BheoWiX7AHwOHGGp IiGuPQKPbcV0SRkEqggWjccO4ZmShRwKl iWdxPNYkLvSZs1DJUkZLqZDk7N8KZRWji IlCkJeKD+3khJqHU39M1kSKCjR72++J/X SCA4aKZcxgkwSX8eChKBIcL93HCLK0ZBd A0hVHHzV0w7xCQGJt28CcEZPXmc1HZKhy Xnard4XBmmkUPraANtIQfto2N0hi5RDVH 0hF7QK3qznq2e9W59/oxOWMOdNfQH1tc3 k5+oPg==</latexit><latexit sha1_bas e64="f3UnPTK+1loXaxd+2n45la7tnYE= ">AAACKXicbVDLSgMxFM34rPVVdekmWAT dlBlR1IVgK4gb8VGrhU4ZMmmmDWYyQ3JH LMN8jxt/xU0Xvrb+iGntQlsP3MvhnHtJ7 vFjwTXY9oc1MTk1PTObm8vPLywuLRdWVm 91lCjKajQSkar7RDPBJasBB8HqsWIk9AW 78+9P+v7dA1OaR/IGujFrhqQtecApASN 5hfK1l1Yvtva2syM3UISmLu1wL3WBPYLp XHbxbaWaZdk/Rvn03BheoWiX7AHwOHGGp IiGuPQKPbcV0SRkEqggWjccO4ZmShRwKl iWdxPNYkLvSZs1DJUkZLqZDk7N8KZRWji IlCkJeKD+3khJqHU39M1kSKCjR72++J/X SCA4aKZcxgkwSX8eChKBIcL93HCLK0ZBd A0hVHHzV0w7xCQGJt28CcEZPXmc1HZKhy Xnard4XBmmkUPraANtIQfto2N0hi5RDVH 0hF7QK3qznq2e9W59/oxOWMOdNfQH1tc3 k5+oPg==</latexit>
RG invariant
Curve crossing at hc = 0.69
<latexit sha1_base64="4O4wKOMEEg+ D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnB NIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpe aW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3ph hSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81Y Y6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+ 9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifB kVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQ IBBI7T</latexit><latexit sha1_base64="4O4wKOMEEg+ D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnB NIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpe aW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3ph hSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81Y Y6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+ 9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifB kVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQ IBBI7T</latexit><latexit sha1_base64="4O4wKOMEEg+ D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnB NIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpe aW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3ph hSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81Y Y6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+ 9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifB kVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQ IBBI7T</latexit><latexit sha1_base64="4O4wKOMEEg+ D3+OXoGq1Ao5ozH4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgadkVUXMQgl48RnB NIFnC7GQ2GTIzu87MCmHJT3jxoOLV7/Hm3zh5CPFV0FBUddPdFaWcaeN5H05hYXFpe aW4Wlpb39jcKm/v3OokU4QGJOGJakZYU84kDQwznDZTRbGIOG1Eg8ux37inSrNE3ph hSkOBe5LFjGBjpWa/Q84996TaKVd815sAeb/Il1WBGeqd8nu7m5BMUGkIx1q3fC81Y Y6VYYTTUamdaZpiMsA92rJUYkF1mE/uHaEDq3RRnChb0qCJOj+RY6H1UES2U2DT1z+ 9sfiX18pMfBbmTKaZoZJMF8UZRyZB4+dRlylKDB9agoli9lZE+lhhYmxEpfkQ/ifB kVt1/evjSu1ilkYR9mAfDsGHU6jBFdQhAAIcHuAJnp0759F5cV6nrQVnNrML3+C8fQ IBBI7T</latexit>
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<latexit sha1 _base64="O4DR2eqvosJmVV2 d9p37MMMBU4g=">AAADCnicb VJNbxMxEPUuXyV8NIUjF0MES tUqShAScECqyoVjEYRWipNo1 ju7sWp7t7YXEVZ758Jf4cIBE Fd+ATf+Dd5sAunHSJae3sy8e R47yqWwrt//E4SXLl+5em3je uvGzVu3N9tbd97ZrDAchzyTm TmKwKIUGodOOIlHuUFQkcTD6 PhlnT98j8aKTL918xzHClItE sHBeWq6FdxnEaZClyBFqjGuW kyBm0VJuV9NSoYOqu7J9qMXz BZqWppdBjKfQUVxUgp6wnicO WoqJjFxXWZFqmDycVFXdyYTF kOaovHMTs2s2pM1qR3m8IMrZ z1eMSPSmdumjP1z8aZ2kYJSF /rY9eb9nNNm1qeuhqzkmIOim jSC07JJNhqNpQVsMdTx/4VM2 51+r78Ieh4MlqBDlnEwbf9mc cYLhdpxCdaOBv3cjUswTnCJXr 6wmAM/hhRHHmpQaMfl4i0r+t AzMU0y4492dMGud5SgrJ2ryF fWd7JnczV5UW5UuOTZuBQ6Lx xq3gxKCkldRuuPQWNhkDs59w C4Ed4r5TMwwJ3/PvUSBmevfB 4MH/ee9wavn3T29pfb2CD3yA PSJQPylOyRV+SADAkPPgVfgm /B9/Bz+DX8Ef5sSsNg2XOXnI rw11/pufyv</latexit><latexit sha1 _base64="O4DR2eqvosJmVV2 d9p37MMMBU4g=">AAADCnicb VJNbxMxEPUuXyV8NIUjF0MES tUqShAScECqyoVjEYRWipNo1 ju7sWp7t7YXEVZ758Jf4cIBE Fd+ATf+Dd5sAunHSJae3sy8e R47yqWwrt//E4SXLl+5em3je uvGzVu3N9tbd97ZrDAchzyTm TmKwKIUGodOOIlHuUFQkcTD6 PhlnT98j8aKTL918xzHClItE sHBeWq6FdxnEaZClyBFqjGuW kyBm0VJuV9NSoYOqu7J9qMXz BZqWppdBjKfQUVxUgp6wnicO WoqJjFxXWZFqmDycVFXdyYTF kOaovHMTs2s2pM1qR3m8IMrZ z1eMSPSmdumjP1z8aZ2kYJSF /rY9eb9nNNm1qeuhqzkmIOim jSC07JJNhqNpQVsMdTx/4VM2 51+r78Ieh4MlqBDlnEwbf9mc cYLhdpxCdaOBv3cjUswTnCJXr 6wmAM/hhRHHmpQaMfl4i0r+t AzMU0y4492dMGud5SgrJ2ryF fWd7JnczV5UW5UuOTZuBQ6Lx xq3gxKCkldRuuPQWNhkDs59w C4Ed4r5TMwwJ3/PvUSBmevfB 4MH/ee9wavn3T29pfb2CD3yA PSJQPylOyRV+SADAkPPgVfgm /B9/Bz+DX8Ef5sSsNg2XOXnI rw11/pufyv</latexit><latexit sha1 _base64="O4DR2eqvosJmVV2 d9p37MMMBU4g=">AAADCnicb VJNbxMxEPUuXyV8NIUjF0MES tUqShAScECqyoVjEYRWipNo1 ju7sWp7t7YXEVZ758Jf4cIBE Fd+ATf+Dd5sAunHSJae3sy8e R47yqWwrt//E4SXLl+5em3je uvGzVu3N9tbd97ZrDAchzyTm TmKwKIUGodOOIlHuUFQkcTD6 PhlnT98j8aKTL918xzHClItE sHBeWq6FdxnEaZClyBFqjGuW kyBm0VJuV9NSoYOqu7J9qMXz BZqWppdBjKfQUVxUgp6wnicO WoqJjFxXWZFqmDycVFXdyYTF kOaovHMTs2s2pM1qR3m8IMrZ z1eMSPSmdumjP1z8aZ2kYJSF /rY9eb9nNNm1qeuhqzkmIOim jSC07JJNhqNpQVsMdTx/4VM2 51+r78Ieh4MlqBDlnEwbf9mc cYLhdpxCdaOBv3cjUswTnCJXr 6wmAM/hhRHHmpQaMfl4i0r+t AzMU0y4492dMGud5SgrJ2ryF fWd7JnczV5UW5UuOTZuBQ6Lx xq3gxKCkldRuuPQWNhkDs59w C4Ed4r5TMwwJ3/PvUSBmevfB 4MH/ee9wavn3T29pfb2CD3yA PSJQPylOyRV+SADAkPPgVfgm /B9/Bz+DX8Ef5sSsNg2XOXnI rw11/pufyv</latexit><latexit sha1 _base64="O4DR2eqvosJmVV2 d9p37MMMBU4g=">AAADCnicb VJNbxMxEPUuXyV8NIUjF0MES tUqShAScECqyoVjEYRWipNo1 ju7sWp7t7YXEVZ758Jf4cIBE Fd+ATf+Dd5sAunHSJae3sy8e R47yqWwrt//E4SXLl+5em3je uvGzVu3N9tbd97ZrDAchzyTm TmKwKIUGodOOIlHuUFQkcTD6 PhlnT98j8aKTL918xzHClItE sHBeWq6FdxnEaZClyBFqjGuW kyBm0VJuV9NSoYOqu7J9qMXz BZqWppdBjKfQUVxUgp6wnicO WoqJjFxXWZFqmDycVFXdyYTF kOaovHMTs2s2pM1qR3m8IMrZ z1eMSPSmdumjP1z8aZ2kYJSF /rY9eb9nNNm1qeuhqzkmIOim jSC07JJNhqNpQVsMdTx/4VM2 51+r78Ieh4MlqBDlnEwbf9mc cYLhdpxCdaOBv3cjUswTnCJXr 6wmAM/hhRHHmpQaMfl4i0r+t AzMU0y4492dMGud5SgrJ2ryF fWd7JnczV5UW5UuOTZuBQ6Lx xq3gxKCkldRuuPQWNhkDs59w C4Ed4r5TMwwJ3/PvUSBmevfB 4MH/ee9wavn3T29pfb2CD3yA PSJQPylOyRV+SADAkPPgVfgm /B9/Bz+DX8Ef5sSsNg2XOXnI rw11/pufyv</latexit>
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<latexit sha1_base64="j5oQ/SoQSio+flI/ScjaJ8IF5X 0=">AAACVXicbVFNTwIxEO0uqIgfoB69NBITT2TXmKg3ghePGERIWCTdMgsN3e6m7Rpww5/Ui/4UL8YuEIPgJE3evDcznb76 MWdKO86nZefyW9s7hd3i3v7BYal8dPykokRSaNGIR7LjEwWcCWhppjl0Ygkk9Dm0/fFdprdfQCoWiUc9jaEXkqFgAaNEG6p fDj0fhkykcUi0ZJNZ0TNg5AdpffY8wZ63mk9X8+aa3tzUX+c5iMHv9H654lSdeeBN4C5BBS2j0S+/eYOIJiEITTlRqus6se 6lRGpGOZhtEwUxoWMyhK6BgoSgeunclhk+N8wAB5E0R2g8Z1c7UhIqNQ19U5ktrda1jPxP6yY6uOmlTMSJBkEXFwUJxzrCmc d4wCRQzacGECqZ2RXTEZGEavMTRWOCu/7kTdC6rN5W3YerSq2+dKOATtEZukAuukY1dI8aqIUoekdflm3lrA/r287b24tS2 1r2nKA/YZd+ANR2tLU=</latexit><latexit sha1_base64="j5oQ/SoQSio+flI/ScjaJ8IF5X 0=">AAACVXicbVFNTwIxEO0uqIgfoB69NBITT2TXmKg3ghePGERIWCTdMgsN3e6m7Rpww5/Ui/4UL8YuEIPgJE3evDcznb76 MWdKO86nZefyW9s7hd3i3v7BYal8dPykokRSaNGIR7LjEwWcCWhppjl0Ygkk9Dm0/fFdprdfQCoWiUc9jaEXkqFgAaNEG6p fDj0fhkykcUi0ZJNZ0TNg5AdpffY8wZ63mk9X8+aa3tzUX+c5iMHv9H654lSdeeBN4C5BBS2j0S+/eYOIJiEITTlRqus6se 6lRGpGOZhtEwUxoWMyhK6BgoSgeunclhk+N8wAB5E0R2g8Z1c7UhIqNQ19U5ktrda1jPxP6yY6uOmlTMSJBkEXFwUJxzrCmc d4wCRQzacGECqZ2RXTEZGEavMTRWOCu/7kTdC6rN5W3YerSq2+dKOATtEZukAuukY1dI8aqIUoekdflm3lrA/r287b24tS2 1r2nKA/YZd+ANR2tLU=</latexit><latexit sha1_base64="j5oQ/SoQSio+flI/ScjaJ8IF5X 0=">AAACVXicbVFNTwIxEO0uqIgfoB69NBITT2TXmKg3ghePGERIWCTdMgsN3e6m7Rpww5/Ui/4UL8YuEIPgJE3evDcznb76 MWdKO86nZefyW9s7hd3i3v7BYal8dPykokRSaNGIR7LjEwWcCWhppjl0Ygkk9Dm0/fFdprdfQCoWiUc9jaEXkqFgAaNEG6p fDj0fhkykcUi0ZJNZ0TNg5AdpffY8wZ63mk9X8+aa3tzUX+c5iMHv9H654lSdeeBN4C5BBS2j0S+/eYOIJiEITTlRqus6se 6lRGpGOZhtEwUxoWMyhK6BgoSgeunclhk+N8wAB5E0R2g8Z1c7UhIqNQ19U5ktrda1jPxP6yY6uOmlTMSJBkEXFwUJxzrCmc d4wCRQzacGECqZ2RXTEZGEavMTRWOCu/7kTdC6rN5W3YerSq2+dKOATtEZukAuukY1dI8aqIUoekdflm3lrA/r287b24tS2 1r2nKA/YZd+ANR2tLU=</latexit><latexit sha1_base64="j5oQ/SoQSio+flI/ScjaJ8IF5X 0=">AAACVXicbVFNTwIxEO0uqIgfoB69NBITT2TXmKg3ghePGERIWCTdMgsN3e6m7Rpww5/Ui/4UL8YuEIPgJE3evDcznb76 MWdKO86nZefyW9s7hd3i3v7BYal8dPykokRSaNGIR7LjEwWcCWhppjl0Ygkk9Dm0/fFdprdfQCoWiUc9jaEXkqFgAaNEG6p fDj0fhkykcUi0ZJNZ0TNg5AdpffY8wZ63mk9X8+aa3tzUX+c5iMHv9H654lSdeeBN4C5BBS2j0S+/eYOIJiEITTlRqus6se 6lRGpGOZhtEwUxoWMyhK6BgoSgeunclhk+N8wAB5E0R2g8Z1c7UhIqNQ19U5ktrda1jPxP6yY6uOmlTMSJBkEXFwUJxzrCmc d4wCRQzacGECqZ2RXTEZGEavMTRWOCu/7kTdC6rN5W3YerSq2+dKOATtEZukAuukY1dI8aqIUoekdflm3lrA/r287b24tS2 1r2nKA/YZd+ANR2tLU=</latexit>
VBS
AFM
P(Bx,Sz)
<latexit sha1_base64="eUl1MlIGxXD 8VT2oqlKmeCF7BQk=">AAACDXicbVDLSsNAFJ34rPUVdelmsBQqSElEUHelblxWNLb QpmUynbRDJ5MwMxFryBe48VfcuFBx696df+O0TUFbDwycOede7r3HixiVyrK+jYXFp eWV1dxafn1jc2vb3Nm9lWEsMHFwyELR8JAkjHLiKKoYaUSCoMBjpO4NLkZ+/Y4ISU N+o4YRcQPU49SnGCktdcxiK0Cq7/lJLS1NaTVt3x9NP9dp++GwYxassjUGnCd2Rgog Q61jfrW6IY4DwhVmSMqmbUXKTZBQFDOS5luxJBHCA9QjTU05Coh0k/E5KSxqpQv9UO jHFRyrvzsSFEg5DDxdOVpSznoj8T+vGSv/zE0oj2JFOJ4M8mMGVQhH2cAuFQQrNtQ EYUH1rhD3kUBY6QTzOgR79uR54hyXz8v21UmhUs3SyIF9cABKwAanoAIuQQ04AINH8 AxewZvxZLwY78bHpHTByHr2wB8Ynz8S4JxT</latexit><latexit sha1_base64="eUl1MlIGxXD 8VT2oqlKmeCF7BQk=">AAACDXicbVDLSsNAFJ34rPUVdelmsBQqSElEUHelblxWNLb QpmUynbRDJ5MwMxFryBe48VfcuFBx696df+O0TUFbDwycOede7r3HixiVyrK+jYXFp eWV1dxafn1jc2vb3Nm9lWEsMHFwyELR8JAkjHLiKKoYaUSCoMBjpO4NLkZ+/Y4ISU N+o4YRcQPU49SnGCktdcxiK0Cq7/lJLS1NaTVt3x9NP9dp++GwYxassjUGnCd2Rgog Q61jfrW6IY4DwhVmSMqmbUXKTZBQFDOS5luxJBHCA9QjTU05Coh0k/E5KSxqpQv9UO jHFRyrvzsSFEg5DDxdOVpSznoj8T+vGSv/zE0oj2JFOJ4M8mMGVQhH2cAuFQQrNtQ EYUH1rhD3kUBY6QTzOgR79uR54hyXz8v21UmhUs3SyIF9cABKwAanoAIuQQ04AINH8 AxewZvxZLwY78bHpHTByHr2wB8Ynz8S4JxT</latexit><latexit sha1_base64="eUl1MlIGxXD 8VT2oqlKmeCF7BQk=">AAACDXicbVDLSsNAFJ34rPUVdelmsBQqSElEUHelblxWNLb QpmUynbRDJ5MwMxFryBe48VfcuFBx696df+O0TUFbDwycOede7r3HixiVyrK+jYXFp eWV1dxafn1jc2vb3Nm9lWEsMHFwyELR8JAkjHLiKKoYaUSCoMBjpO4NLkZ+/Y4ISU N+o4YRcQPU49SnGCktdcxiK0Cq7/lJLS1NaTVt3x9NP9dp++GwYxassjUGnCd2Rgog Q61jfrW6IY4DwhVmSMqmbUXKTZBQFDOS5luxJBHCA9QjTU05Coh0k/E5KSxqpQv9UO jHFRyrvzsSFEg5DDxdOVpSznoj8T+vGSv/zE0oj2JFOJ4M8mMGVQhH2cAuFQQrNtQ EYUH1rhD3kUBY6QTzOgR79uR54hyXz8v21UmhUs3SyIF9cABKwAanoAIuQQ04AINH8 AxewZvxZLwY78bHpHTByHr2wB8Ynz8S4JxT</latexit><latexit sha1_base64="eUl1MlIGxXD 8VT2oqlKmeCF7BQk=">AAACDXicbVDLSsNAFJ34rPUVdelmsBQqSElEUHelblxWNLb QpmUynbRDJ5MwMxFryBe48VfcuFBx696df+O0TUFbDwycOede7r3HixiVyrK+jYXFp eWV1dxafn1jc2vb3Nm9lWEsMHFwyELR8JAkjHLiKKoYaUSCoMBjpO4NLkZ+/Y4ISU N+o4YRcQPU49SnGCktdcxiK0Cq7/lJLS1NaTVt3x9NP9dp++GwYxassjUGnCd2Rgog Q61jfrW6IY4DwhVmSMqmbUXKTZBQFDOS5luxJBHCA9QjTU05Coh0k/E5KSxqpQv9UO jHFRyrvzsSFEg5DDxdOVpSznoj8T+vGSv/zE0oj2JFOJ4M8mMGVQhH2cAuFQQrNtQ EYUH1rhD3kUBY6QTzOgR79uR54hyXz8v21UmhUs3SyIF9cABKwAanoAIuQQ04AINH8 AxewZvxZLwY78bHpHTByHr2wB8Ynz8S4JxT</latexit>
At criticality displays

 circular symmetry
Critical Field theory
m2H
<latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit><latexit sha1_base64="FKs+WHMJ17K9xIKM0w+m2/EhNKc=">AAAB63icdVDJSgN BEK1xjXGLevTSGARPYSYI6i3oJccIjgkkY+jp9CRNehm6e4Qw5Bu8eFDx6g9582/sLELcHhQ83quiql6ccmas7394S8srq2vrhY3i5tb2zm5pb//WqEwTGhLFlW7F2FDOJA0 ts5y2Uk2xiDltxsOrid+8p9owJW/sKKWRwH3JEkawdVIouvW7ardUDir+FMj/Rb6sMszR6JbeOz1FMkGlJRwb0w781EY51pYRTsfFTmZoiskQ92nbUYkFNVE+PXaMjp3SQ4nS rqRFU3VxIsfCmJGIXafAdmB+ehPxL6+d2eQ8yplMM0slmS1KMo6sQpPPUY9pSiwfOYKJZu5WRAZYY2JdPsXFEP4nYbVyUQmuT8u1y3kaBTiEIziBAM6gBnVoQAgEGDzAEzx7 0nv0XrzXWeuSN585gG/w3j4BsxeOJQ==</latexit>hHi = 0
<latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit><latexit sha1_base64="BBhh9yUuVKb c9FUomnuZip/D4pQ=">AAACCXicbZBPS8MwGMbT+W/Of1WPXqJD8DRaEdSDMPSy4w TrBmsZafZuC0vTkqTCKDt78at48aDi1W/gzW9j1vWgmy8EfjzP+yZvnjDhTGnH+bZK S8srq2vl9crG5tb2jr27d6/iVFLwaMxj2Q6JAs4EeJppDu1EAolCDq1wdDP1Ww8gF YvFnR4nEERkIFifUaKN1LUP/fyOTEJvgn1OxIADbmBfzugKO1276tScvPAiuAVUUV HNrv3l92KaRiA05USpjuskOsiI1IxymFT8VEFC6IgMoGNQkAhUkOVrTPCxUXq4H0tz hMa5+nsiI5FS4yg0nRHRQzXvTcX/vE6q+xdBxkSSahB09lA/5VjHeJoL7jEJVPOxA UIlM7tiOiSSUG3Sq5gQ3PkvL4J3Wrusubdn1fp1kUYZHaAjdIJcdI7qqIGayEMUPa Jn9IrerCfrxXq3PmatJauY2Ud/yvr8ASMWmXA=</latexit>
Confined +
1. Embed the Ising gauge theory in  Z2 2 SUg(2)
<latexit sha1_base64="2LMyPI7c/dd +nq+blDhFDeH9ufA=">AAACAHicdZDLSsNAFIYn9VbrLepGcDNYhLoJSfHWXdGNy4r GFtsSJtNJO3QyCTMToYS68VXcuFBx62O4822ctFFU9IeBw/efw5zz+zGjUtn2u1GYm Z2bXygulpaWV1bXzPWNKxklAhMXRywSLR9JwignrqKKkVYsCAp9Rpr+8DTzmzdESBr xSzWKSTdEfU4DipHSyDO3OiFSA99Pr8deFXYohxeu169U9zyzbFsHtlM7dKBt2RPBL +LkpAxyNTzzrdOLcBISrjBDUrYdO1bdFAlFMSPjUieRJEZ4iPqkrUuOQiK76eSCMdz VpAeDSOjHFZzQ7xMpCqUchb7uzPaVv70M/uW1ExUcd1PK40QRjqcfBQmDKoJZHLBHB cGKjXSBsKB6V4gHSCCsdGglHcLnpfD/wq1aNcs53y/XT/I0imAb7IAKcMARqIMz0AA uwOAW3INH8GTcGQ/Gs/EybS0Y+cwm+CHj9QNC5ZWs</latexit><latexit sha1_base64="2LMyPI7c/dd +nq+blDhFDeH9ufA=">AAACAHicdZDLSsNAFIYn9VbrLepGcDNYhLoJSfHWXdGNy4r GFtsSJtNJO3QyCTMToYS68VXcuFBx62O4822ctFFU9IeBw/efw5zz+zGjUtn2u1GYm Z2bXygulpaWV1bXzPWNKxklAhMXRywSLR9JwignrqKKkVYsCAp9Rpr+8DTzmzdESBr xSzWKSTdEfU4DipHSyDO3OiFSA99Pr8deFXYohxeu169U9zyzbFsHtlM7dKBt2RPBL +LkpAxyNTzzrdOLcBISrjBDUrYdO1bdFAlFMSPjUieRJEZ4iPqkrUuOQiK76eSCMdz VpAeDSOjHFZzQ7xMpCqUchb7uzPaVv70M/uW1ExUcd1PK40QRjqcfBQmDKoJZHLBHB cGKjXSBsKB6V4gHSCCsdGglHcLnpfD/wq1aNcs53y/XT/I0imAb7IAKcMARqIMz0AA uwOAW3INH8GTcGQ/Gs/EybS0Y+cwm+CHj9QNC5ZWs</latexit><latexit sha1_base64="2LMyPI7c/dd +nq+blDhFDeH9ufA=">AAACAHicdZDLSsNAFIYn9VbrLepGcDNYhLoJSfHWXdGNy4r GFtsSJtNJO3QyCTMToYS68VXcuFBx62O4822ctFFU9IeBw/efw5zz+zGjUtn2u1GYm Z2bXygulpaWV1bXzPWNKxklAhMXRywSLR9JwignrqKKkVYsCAp9Rpr+8DTzmzdESBr xSzWKSTdEfU4DipHSyDO3OiFSA99Pr8deFXYohxeu169U9zyzbFsHtlM7dKBt2RPBL +LkpAxyNTzzrdOLcBISrjBDUrYdO1bdFAlFMSPjUieRJEZ4iPqkrUuOQiK76eSCMdz VpAeDSOjHFZzQ7xMpCqUchb7uzPaVv70M/uW1ExUcd1PK40QRjqcfBQmDKoJZHLBHB cGKjXSBsKB6V4gHSCCsdGglHcLnpfD/wq1aNcs53y/XT/I0imAb7IAKcMARqIMz0AA uwOAW3INH8GTcGQ/Gs/EybS0Y+cwm+CHj9QNC5ZWs</latexit><latexit sha1_base64="2LMyPI7c/dd +nq+blDhFDeH9ufA=">AAACAHicdZDLSsNAFIYn9VbrLepGcDNYhLoJSfHWXdGNy4r GFtsSJtNJO3QyCTMToYS68VXcuFBx62O4822ctFFU9IeBw/efw5zz+zGjUtn2u1GYm Z2bXygulpaWV1bXzPWNKxklAhMXRywSLR9JwignrqKKkVYsCAp9Rpr+8DTzmzdESBr xSzWKSTdEfU4DipHSyDO3OiFSA99Pr8deFXYohxeu169U9zyzbFsHtlM7dKBt2RPBL +LkpAxyNTzzrdOLcBISrjBDUrYdO1bdFAlFMSPjUieRJEZ4iPqkrUuOQiK76eSCMdz VpAeDSOjHFZzQ7xMpCqUchb7uzPaVv70M/uW1ExUcd1PK40QRjqcfBQmDKoJZHLBHB cGKjXSBsKB6V4gHSCCsdGglHcLnpfD/wq1aNcs53y/XT/I0imAb7IAKcMARqIMz0AA uwOAW3INH8GTcGQ/Gs/EybS0Y+cwm+CHj9QNC5ZWs</latexit>
2. 3x3 matrix Higgs field 
spin-one (SO(3)) under SUg(2)
<latexit sha1_base64="hBs2UnGJDzA h8ychosPMfmRApnQ=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8Ei1E1Iirfuim5cVjS 20IYymU7aoZNJmJkIJfQh3LhQcev7uPNtnLZRVPSHgcP3n8Oc8wcJZ0o7zrtVWFhc Wl4prpbW1jc2t8rbO7cqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHF1G/dUalYLG 70OKF+hAeChYxgbVDr2usNqrXDXrni2MeOWz9xkWM7M6Ev4uakArmavfJbtx+TNKJC E46V6rhOov0MS80Ip5NSN1U0wWSEB7RjSoEjqvxstu4EHRjSR2EszRMazej3iQxHS o2jwHRGWA/Vb28K//I6qQ7P/IyJJNVUkPlHYcqRjtH0dtRnkhLNx6bARDKzKyJDLDH RJqGSCeHzUvR/4dXsuu1eHVUa53kaRdiDfaiCC6fQgEtoggcERnAPj/BkJdaD9Wy9 zFsLVj6zCz9kvX4AsnGOsQ==</latexit><latexit sha1_base64="hBs2UnGJDzA h8ychosPMfmRApnQ=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8Ei1E1Iirfuim5cVjS 20IYymU7aoZNJmJkIJfQh3LhQcev7uPNtnLZRVPSHgcP3n8Oc8wcJZ0o7zrtVWFhc Wl4prpbW1jc2t8rbO7cqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHF1G/dUalYLG 70OKF+hAeChYxgbVDr2usNqrXDXrni2MeOWz9xkWM7M6Ev4uakArmavfJbtx+TNKJC E46V6rhOov0MS80Ip5NSN1U0wWSEB7RjSoEjqvxstu4EHRjSR2EszRMazej3iQxHS o2jwHRGWA/Vb28K//I6qQ7P/IyJJNVUkPlHYcqRjtH0dtRnkhLNx6bARDKzKyJDLDH RJqGSCeHzUvR/4dXsuu1eHVUa53kaRdiDfaiCC6fQgEtoggcERnAPj/BkJdaD9Wy9 zFsLVj6zCz9kvX4AsnGOsQ==</latexit><latexit sha1_base64="hBs2UnGJDzA h8ychosPMfmRApnQ=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8Ei1E1Iirfuim5cVjS 20IYymU7aoZNJmJkIJfQh3LhQcev7uPNtnLZRVPSHgcP3n8Oc8wcJZ0o7zrtVWFhc Wl4prpbW1jc2t8rbO7cqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHF1G/dUalYLG 70OKF+hAeChYxgbVDr2usNqrXDXrni2MeOWz9xkWM7M6Ev4uakArmavfJbtx+TNKJC E46V6rhOov0MS80Ip5NSN1U0wWSEB7RjSoEjqvxstu4EHRjSR2EszRMazej3iQxHS o2jwHRGWA/Vb28K//I6qQ7P/IyJJNVUkPlHYcqRjtH0dtRnkhLNx6bARDKzKyJDLDH RJqGSCeHzUvR/4dXsuu1eHVUa53kaRdiDfaiCC6fQgEtoggcERnAPj/BkJdaD9Wy9 zFsLVj6zCz9kvX4AsnGOsQ==</latexit><latexit sha1_base64="hBs2UnGJDzA h8ychosPMfmRApnQ=">AAAB7XicdZDLSsNAFIZP6q3WW9Wlm8Ei1E1Iirfuim5cVjS 20IYymU7aoZNJmJkIJfQh3LhQcev7uPNtnLZRVPSHgcP3n8Oc8wcJZ0o7zrtVWFhc Wl4prpbW1jc2t8rbO7cqTiWhHol5LNsBVpQzQT3NNKftRFIcBZy2gtHF1G/dUalYLG 70OKF+hAeChYxgbVDr2usNqrXDXrni2MeOWz9xkWM7M6Ev4uakArmavfJbtx+TNKJC E46V6rhOov0MS80Ip5NSN1U0wWSEB7RjSoEjqvxstu4EHRjSR2EszRMazej3iQxHS o2jwHRGWA/Vb28K//I6qQ7P/IyJJNVUkPlHYcqRjtH0dtRnkhLNx6bARDKzKyJDLDH RJqGSCeHzUvR/4dXsuu1eHVUa53kaRdiDfaiCC6fQgEtoggcERnAPj/BkJdaD9Wy9 zFsLVj6zCz9kvX4AsnGOsQ==</latexit>
transforms asHab
<latexit sha1_base64="dQy+kf/ridh UQxCMeTc1KnbyZ3E=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiqLeglxwjOEk gGUJPpydp08vQ3SOEIf/gxYOKVz/Im39jZxFcHxQ83quiql6ccmas7797haXlldW14 nppY3Nre6e8u9c0KtOEhkRxpdsxNpQzSUPLLKftVFMsYk5b8ehq6rfuqDZMyRs7Tmk k8ECyhBFsndSs93IcT3rlSlD1Z0D+L/JpVWCBRq/81u0rkgkqLeHYmE7gpzbKsbaMc DopdTNDU0xGeEA7jkosqIny2bUTdOSUPkqUdiUtmqlfJ3IsjBmL2HUKbIfmpzcV//I 6mU3Oo5zJNLNUkvmiJOPIKjR9HfWZpsTysSOYaOZuRWSINSbWBVT6GsL/JDypXlSD6 9NK7XKRRhEO4BCOIYAzqEEdGhACgVu4h0d48pT34D17L/PWgreY2Ydv8F4/APkFju0 =</latexit><latexit sha1_base64="dQy+kf/ridh UQxCMeTc1KnbyZ3E=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiqLeglxwjOEk gGUJPpydp08vQ3SOEIf/gxYOKVz/Im39jZxFcHxQ83quiql6ccmas7797haXlldW14 nppY3Nre6e8u9c0KtOEhkRxpdsxNpQzSUPLLKftVFMsYk5b8ehq6rfuqDZMyRs7Tmk k8ECyhBFsndSs93IcT3rlSlD1Z0D+L/JpVWCBRq/81u0rkgkqLeHYmE7gpzbKsbaMc DopdTNDU0xGeEA7jkosqIny2bUTdOSUPkqUdiUtmqlfJ3IsjBmL2HUKbIfmpzcV//I 6mU3Oo5zJNLNUkvmiJOPIKjR9HfWZpsTysSOYaOZuRWSINSbWBVT6GsL/JDypXlSD6 9NK7XKRRhEO4BCOIYAzqEEdGhACgVu4h0d48pT34D17L/PWgreY2Ydv8F4/APkFju0 =</latexit><latexit sha1_base64="dQy+kf/ridh UQxCMeTc1KnbyZ3E=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiqLeglxwjOEk gGUJPpydp08vQ3SOEIf/gxYOKVz/Im39jZxFcHxQ83quiql6ccmas7797haXlldW14 nppY3Nre6e8u9c0KtOEhkRxpdsxNpQzSUPLLKftVFMsYk5b8ehq6rfuqDZMyRs7Tmk k8ECyhBFsndSs93IcT3rlSlD1Z0D+L/JpVWCBRq/81u0rkgkqLeHYmE7gpzbKsbaMc DopdTNDU0xGeEA7jkosqIny2bUTdOSUPkqUdiUtmqlfJ3IsjBmL2HUKbIfmpzcV//I 6mU3Oo5zJNLNUkvmiJOPIKjR9HfWZpsTysSOYaOZuRWSINSbWBVT6GsL/JDypXlSD6 9NK7XKRRhEO4BCOIYAzqEEdGhACgVu4h0d48pT34D17L/PWgreY2Ydv8F4/APkFju0 =</latexit><latexit sha1_base64="dQy+kf/ridh UQxCMeTc1KnbyZ3E=">AAAB7HicdVDJSgNBEK2JW4xb1KOXxiB4CjMiqLeglxwjOEk gGUJPpydp08vQ3SOEIf/gxYOKVz/Im39jZxFcHxQ83quiql6ccmas7797haXlldW14 nppY3Nre6e8u9c0KtOEhkRxpdsxNpQzSUPLLKftVFMsYk5b8ehq6rfuqDZMyRs7Tmk k8ECyhBFsndSs93IcT3rlSlD1Z0D+L/JpVWCBRq/81u0rkgkqLeHYmE7gpzbKsbaMc DopdTNDU0xGeEA7jkosqIny2bUTdOSUPkqUdiUtmqlfJ3IsjBmL2HUKbIfmpzcV//I 6mU3Oo5zJNLNUkvmiJOPIKjR9HfWZpsTysSOYaOZuRWSINSbWBVT6GsL/JDypXlSD6 9NK7XKRRhEO4BCOIYAzqEEdGhACgVu4h0d48pT34D17L/PWgreY2Ydv8F4/APkFju0 =</latexit>
hHi 6= 0
<latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit><latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit><latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit><latexit sha1_bas e64="zzUNgVfM0/mGCUNDBksA6YgJxb8= ">AAACC3icbVC9TsMwGHTKXyl/BUYWiwq JqUoQErBVsHQsEqGVmqhynC+tVceJbAep ivoALLwKCwMgVl6AjbfBTTNAy0mWTnf32 Z8vSDlT2ra/rcrK6tr6RnWztrW9s7tX3z +4V0kmKbg04YnsBUQBZwJczTSHXiqBxAG HbjC+mfndB5CKJeJOT1LwYzIULGKUaCMN 6g2vuCOXEE6xx4kYcsBt7Mk58wRg26Tsp l0ALxOnJA1UojOof3lhQrMYhKacKNV37F T7OZGaUQ7TmpcpSAkdkyH0DRUkBuXnxSJ TfGKUEEeJNEdoXKi/J3ISKzWJA5OMiR6p RW8m/uf1Mx1d+jkTaaZB0PlDUcaxTvCsG RwyCVTziSGESmZ2xXREJKHa9FczJTiLX1 4m7lnzquncnjda12UbVXSEjtEpctAFaqE 26iAXUfSIntErerOerBfr3fqYRytWOXOI /sD6/AH0v5p2</latexit>
+ SU(2)/SO(3) = Z2
<latexit sha1_base64="Qd R6JCxpOhAnLYIDDtGKCFJjaqQ=">AAACAHicbVBNS8NAEN 34WetX1IvgZbEI7aUmVVAPQtGLNys1ttiGsNlu26WbTdjdC CXUi3/FiwcVr/4Mb/4bN20O2vpg4PHeDDPz/IhRqSzr25i bX1hcWs6t5FfX1jc2za3tOxnGAhMHhywUTR9JwignjqKKkW YkCAp8Rhr+4DL1Gw9ESBryWzWMiBugHqddipHSkmfu1p1i pXRYvy4elc7bAVJ930/uR17FMwtW2RoDzhI7IwWQoeaZX+1 OiOOAcIUZkrJlW5FyEyQUxYyM8u1YkgjhAeqRlqYcBUS6y fiDETzQSgd2Q6GLKzhWf08kKJByGPi6M71RTnup+J/XilX3 1E0oj2JFOJ4s6sYMqhCmccAOFQQrNtQEYUH1rRD3kUBY6d DyOgR7+uVZ4lTKZ2X75rhQvcjSyIE9sA+KwAYnoAquQA04A INH8AxewZvxZLwY78bHpHXOyGZ2wB8Ynz/rxZTZ</latex it><latexit sha1_base64="Qd R6JCxpOhAnLYIDDtGKCFJjaqQ=">AAACAHicbVBNS8NAEN 34WetX1IvgZbEI7aUmVVAPQtGLNys1ttiGsNlu26WbTdjdC CXUi3/FiwcVr/4Mb/4bN20O2vpg4PHeDDPz/IhRqSzr25i bX1hcWs6t5FfX1jc2za3tOxnGAhMHhywUTR9JwignjqKKkW YkCAp8Rhr+4DL1Gw9ESBryWzWMiBugHqddipHSkmfu1p1i pXRYvy4elc7bAVJ930/uR17FMwtW2RoDzhI7IwWQoeaZX+1 OiOOAcIUZkrJlW5FyEyQUxYyM8u1YkgjhAeqRlqYcBUS6y fiDETzQSgd2Q6GLKzhWf08kKJByGPi6M71RTnup+J/XilX3 1E0oj2JFOJ4s6sYMqhCmccAOFQQrNtQEYUH1rRD3kUBY6d DyOgR7+uVZ4lTKZ2X75rhQvcjSyIE9sA+KwAYnoAquQA04A INH8AxewZvxZLwY78bHpHXOyGZ2wB8Ynz/rxZTZ</latex it><latexit sha1_base64="Qd R6JCxpOhAnLYIDDtGKCFJjaqQ=">AAACAHicbVBNS8NAEN 34WetX1IvgZbEI7aUmVVAPQtGLNys1ttiGsNlu26WbTdjdC CXUi3/FiwcVr/4Mb/4bN20O2vpg4PHeDDPz/IhRqSzr25i bX1hcWs6t5FfX1jc2za3tOxnGAhMHhywUTR9JwignjqKKkW YkCAp8Rhr+4DL1Gw9ESBryWzWMiBugHqddipHSkmfu1p1i pXRYvy4elc7bAVJ930/uR17FMwtW2RoDzhI7IwWQoeaZX+1 OiOOAcIUZkrJlW5FyEyQUxYyM8u1YkgjhAeqRlqYcBUS6y fiDETzQSgd2Q6GLKzhWf08kKJByGPi6M71RTnup+J/XilX3 1E0oj2JFOJ4s6sYMqhCmccAOFQQrNtQEYUH1rRD3kUBY6d DyOgR7+uVZ4lTKZ2X75rhQvcjSyIE9sA+KwAYnoAquQA04A INH8AxewZvxZLwY78bHpHXOyGZ2wB8Ynz/rxZTZ</latex it><latexit sha1_base64="Qd R6JCxpOhAnLYIDDtGKCFJjaqQ=">AAACAHicbVBNS8NAEN 34WetX1IvgZbEI7aUmVVAPQtGLNys1ttiGsNlu26WbTdjdC CXUi3/FiwcVr/4Mb/4bN20O2vpg4PHeDDPz/IhRqSzr25i bX1hcWs6t5FfX1jc2za3tOxnGAhMHhywUTR9JwignjqKKkW YkCAp8Rhr+4DL1Gw9ESBryWzWMiBugHqddipHSkmfu1p1i pXRYvy4elc7bAVJ930/uR17FMwtW2RoDzhI7IwWQoeaZX+1 OiOOAcIUZkrJlW5FyEyQUxYyM8u1YkgjhAeqRlqYcBUS6y fiDETzQSgd2Q6GLKzhWf08kKJByGPi6M71RTnup+J/XilX3 1E0oj2JFOJ4s6sYMqhCmccAOFQQrNtQEYUH1rRD3kUBY6d DyOgR7+uVZ4lTKZ2X75rhQvcjSyIE9sA+KwAYnoAquQA04A INH8AxewZvxZLwY78bHpHXOyGZ2wB8Ynz/rxZTZ</latex it>
Kartik (2018)
Critical theory is Nf = 2 SU(2) QCD3 and a critical Higgs field H
• Higgs phase, hHi 6= 0 has Z2 topological order and
massless Dirac orthogonal fermions
• When the Higgs field is gapped, QCD3 confines, leading to AFM order.
<la texit  sha1 _base 64=" qyQbl ptUs5 guO/1 +dFrV JkiNx Es="> AAAD NXicd VJNix NBEJ0 Zv9b4 ldWjl 8KMsE IIk2S JXoT VLBIQ ZRfNZ jETQk 9PzaT Znp6x uyPEk D/lxf /hSQ 8eFPH qX7Am mZVd0 YKB1/ Wquuq 9nqiQ wtgg +OJ6F y5eun xl62r t2vUb N2/Vt 28fmX yuOQ5 5LnN 9HDGD UigcW mElHh caWRZ JHEUn /ZIfv UNtRK 5e20 WBk4y lSiSC M0up6 bb7PI wwFWr JUVnU q1pf C0usB DvDXC 9AGPB fTpPH HR9eD Xc6D+ Cwv+9 Puz4 wFQMD flo+E GlqIB EoY/A Hfq26 VljMx Htc1 cISVV XFjDZ ugh9K plKJM IBQb1 Co8C0 EPlAB 0Rmz syhav llNab rNC1K Trofl OkZdb hCGkD FjJBo D+0I zTpSd 5Wmuq CpBnZ FIU80 ezVCV qs6tS vJSV hQYN/ 8I47l KyE3T BIksF iql0f Dk2Yv N1FYt RBWf 0VWeK vOm9U bQ2g1 63XYX glawD gK7nU 6v14 N2lWk 4VRxM 65/CO OfzjN q5JB3 jdlDY yZJp8 lSWl 88NFo yfsBT HBBXL 0EyW6 1dfwX 3KxJD kmj5l YZ09 27Fkm TGLLK LK0kj zN1cm /8WN5 zZ5NF kKVc wtKr4 ZlMxl aUP5C 0EsNH IrFwT Y5v2B zxiZT x6YG plwqh T+D44 6rXbQ ah92G ntPKz u2nLv OPWfH aTsP nT1n4 Bw4Q4 e7H9z P7jf3 u/fR+ +r98H 5uSj 236rn jnAvv 129dt QK9</ latex it><la texit  sha1 _base 64=" qyQbl ptUs5 guO/1 +dFrV JkiNx Es="> AAAD NXicd VJNix NBEJ0 Zv9b4 ldWjl 8KMsE IIk2S JXoT VLBIQ ZRfNZ jETQk 9PzaT Znp6x uyPEk D/lxf /hSQ 8eFPH qX7Am mZVd0 YKB1/ Wquuq 9nqiQ wtgg +OJ6F y5eun xl62r t2vUb N2/Vt 28fmX yuOQ5 5LnN 9HDGD UigcW mElHh caWRZ JHEUn /ZIfv UNtRK 5e20 WBk4y lSiSC M0up6 bb7PI wwFWr JUVnU q1pf C0usB DvDXC 9AGPB fTpPH HR9eD Xc6D+ Cwv+9 Puz4 wFQMD flo+E GlqIB EoY/A Hfq26 VljMx Htc1 cISVV XFjDZ ugh9K plKJM IBQb1 Co8C0 EPlAB 0Rmz syhav llNab rNC1K Trofl OkZdb hCGkD FjJBo D+0I zTpSd 5Wmuq CpBnZ FIU80 ezVCV qs6tS vJSV hQYN/ 8I47l KyE3T BIksF iql0f Dk2Yv N1FYt RBWf 0VWeK vOm9U bQ2g1 63XYX glawD gK7nU 6v14 N2lWk 4VRxM 65/CO OfzjN q5JB3 jdlDY yZJp8 lSWl 88NFo yfsBT HBBXL 0EyW6 1dfwX 3KxJD kmj5l YZ09 27Fkm TGLLK LK0kj zN1cm /8WN5 zZ5NF kKVc wtKr4 ZlMxl aUP5C 0EsNH IrFwT Y5v2B zxiZT x6YG plwqh T+D44 6rXbQ ah92G ntPKz u2nLv OPWfH aTsP nT1n4 Bw4Q4 e7H9z P7jf3 u/fR+ +r98H 5uSj 236rn jnAvv 129dt QK9</ latex it><la texit  sha1 _base 64=" qyQbl ptUs5 guO/1 +dFrV JkiNx Es="> AAAD NXicd VJNix NBEJ0 Zv9b4 ldWjl 8KMsE IIk2S JXoT VLBIQ ZRfNZ jETQk 9PzaT Znp6x uyPEk D/lxf /hSQ 8eFPH qX7Am mZVd0 YKB1/ Wquuq 9nqiQ wtgg +OJ6F y5eun xl62r t2vUb N2/Vt 28fmX yuOQ5 5LnN 9HDGD UigcW mElHh caWRZ JHEUn /ZIfv UNtRK 5e20 WBk4y lSiSC M0up6 bb7PI wwFWr JUVnU q1pf C0usB DvDXC 9AGPB fTpPH HR9eD Xc6D+ Cwv+9 Puz4 wFQMD flo+E GlqIB EoY/A Hfq26 VljMx Htc1 cISVV XFjDZ ugh9K plKJM IBQb1 Co8C0 EPlAB 0Rmz syhav llNab rNC1K Trofl OkZdb hCGkD FjJBo D+0I zTpSd 5Wmuq CpBnZ FIU80 ezVCV qs6tS vJSV hQYN/ 8I47l KyE3T BIksF iql0f Dk2Yv N1FYt RBWf 0VWeK vOm9U bQ2g1 63XYX glawD gK7nU 6v14 N2lWk 4VRxM 65/CO OfzjN q5JB3 jdlDY yZJp8 lSWl 88NFo yfsBT HBBXL 0EyW6 1dfwX 3KxJD kmj5l YZ09 27Fkm TGLLK LK0kj zN1cm /8WN5 zZ5NF kKVc wtKr4 ZlMxl aUP5C 0EsNH IrFwT Y5v2B zxiZT x6YG plwqh T+D44 6rXbQ ah92G ntPKz u2nLv OPWfH aTsP nT1n4 Bw4Q4 e7H9z P7jf3 u/fR+ +r98H 5uSj 236rn jnAvv 129dt QK9</ latex it><la texit  sha1 _base 64=" qyQbl ptUs5 guO/1 +dFrV JkiNx Es="> AAAD NXicd VJNix NBEJ0 Zv9b4 ldWjl 8KMsE IIk2S JXoT VLBIQ ZRfNZ jETQk 9PzaT Znp6x uyPEk D/lxf /hSQ 8eFPH qX7Am mZVd0 YKB1/ Wquuq 9nqiQ wtgg +OJ6F y5eun xl62r t2vUb N2/Vt 28fmX yuOQ5 5LnN 9HDGD UigcW mElHh caWRZ JHEUn /ZIfv UNtRK 5e20 WBk4y lSiSC M0up6 bb7PI wwFWr JUVnU q1pf C0usB DvDXC 9AGPB fTpPH HR9eD Xc6D+ Cwv+9 Puz4 wFQMD flo+E GlqIB EoY/A Hfq26 VljMx Htc1 cISVV XFjDZ ugh9K plKJM IBQb1 Co8C0 EPlAB 0Rmz syhav llNab rNC1K Trofl OkZdb hCGkD FjJBo D+0I zTpSd 5Wmuq CpBnZ FIU80 ezVCV qs6tS vJSV hQYN/ 8I47l KyE3T BIksF iql0f Dk2Yv N1FYt RBWf 0VWeK vOm9U bQ2g1 63XYX glawD gK7nU 6v14 N2lWk 4VRxM 65/CO OfzjN q5JB3 jdlDY yZJp8 lSWl 88NFo yfsBT HBBXL 0EyW6 1dfwX 3KxJD kmj5l YZ09 27Fkm TGLLK LK0kj zN1cm /8WN5 zZ5NF kKVc wtKr4 ZlMxl aUP5C 0EsNH IrFwT Y5v2B zxiZT x6YG plwqh T+D44 6rXbQ ah92G ntPKz u2nLv OPWfH aTsP nT1n4 Bw4Q4 e7H9z P7jf3 u/fR+ +r98H 5uSj 236rn jnAvv 129dt QK9</ latex it>
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Orthogonal metals
R. Nandkishore, M. Metlitski, and T. Senthil, Phys. Rev. B 86, 045128 (2012)
Fractionalize the electron ci↵, ↵ =", # into an “orthogonal
fermion” fi↵ and an Ising spin  zi = ±1:
ci↵ =  
z
i fi↵
This introduces a Z2 gauge invariance
 zi ! ⌘i zi , fi↵ ! ⌘ifi↵
The orthogonal fermion, f↵, carries both the spin and
charge of the electron.
The Ising matter field,  z, is ‘dark matter’ carrying only
energy, and a Z2 gauge charge.
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Orthogonal metals
Fractionalize the electron cip↵, on sites i = 1 . . . N , with
spin ↵ = 1 . . .M and orbital index p = 1 . . .M 0 into an
“orthogonal fermion” fi↵ and a real scalar  ip:
cip↵ =  ip fi↵
This introduces a Z2 gauge invariance
 ip ! ⌘i ip , fi↵ ! ⌘ifi↵
The orthogonal fermion fi↵ carries both the spin and charge
of the electron.
The scalar field,  ip, is ‘dark matter’ carrying only energy,
and a Z2 gauge charge.
<late xit sha1 _base64= "H8K1nBj o4eiHc9Pk wXxlqV+d NL4=">AA AEtHicfV PbbtNAEH WbAMXcWuC NlxE1Cg9 R5KTqRZU qVRQhXoq K1Juoo3S9 ntirbnbN 7rptsPJJ fBBfwS8w TtqStIV92 dFcz5yZi XMprAvDX 3PztfqDh 48WHvtPn j57/mJx6e Wh1YXheM C11OY4Zh alUHjghJ N4nBtkg1j iUXy2U9m PztFYodW +G+bYHbB Uib7gzJGq tzT/M1Ja qASV8z8Z xistk+IH gssQUCJ3 RisIeK8Uk EPEZJ6xU dAEUlrh0 EIgttoQy UQ7C1/IcC FcBjYXFD Txhi24cd gNgKkEtI mFYxKqwp cQ5H8z7DY C0jpNbnB 6qo3LdFo hgj6aAWF rNCDoV1iu kfhVPgbU swTLmWSG 6uaZIJ98 FGz6UYypU GUibC7Zc MBcNvJnm yF8NwEQN WE6vR+hS maCwd/PhK 0wGp0UnA hgVLAyxX H5bdTrBJ CyIkXyOGd GMMXxXgx TJY1IM8e M0RcQoWM 9MY3ne8GS 5uSbQXZf 2P+RE3CE u4ze4hM4 pRTUVqxp jtUSjGdZs cwzZqgx3 Z/ZjVYUj TNfkd8XK Anw1AyaQH ydJsycAe FwaBrjGk OhUtoiOQ RUaNJhEya TvJfMSem W31tcDlv h6lpnfQU qobO2ukb CxkrYDkNo t8LxW/au 3l5v8XeU aF4MaL+5 ZNaetMPcd UtmnOASi aXCYs74G UvxhETFB mi75fiuRv CONMS6pq 60cjDWTk eUbGDtcB CTZ4XZ3r ZNFuau7aR w/Y1uKVR eOFR8Uqh fSKC9r44 UEmGIXKIm EYwbQVjH DNB50in7 kUW6c5W6 rIwcXroL kVCdcqW1K tSIGLqmA f4tHHZa7 bDV/tpZ3 v5wxdWC98 Z767332t 66t+199v a8A4/XXt c2azu1j/W 1elTndZy 4zs9dxbz yZl5d/QH j/YuP</l atexit><late xit sha1 _base64= "H8K1nBj o4eiHc9Pk wXxlqV+d NL4=">AA AEtHicfV PbbtNAEH WbAMXcWuC NlxE1Cg9 R5KTqRZU qVRQhXoq K1Juoo3S9 ntirbnbN 7rptsPJJ fBBfwS8w TtqStIV92 dFcz5yZi XMprAvDX 3PztfqDh 48WHvtPn j57/mJx6e Wh1YXheM C11OY4Zh alUHjghJ N4nBtkg1j iUXy2U9m PztFYodW +G+bYHbB Uib7gzJGq tzT/M1Ja qASV8z8Z xistk+IH gssQUCJ3 RisIeK8Uk EPEZJ6xU dAEUlrh0 EIgttoQy UQ7C1/IcC FcBjYXFD Txhi24cd gNgKkEtI mFYxKqwp cQ5H8z7DY C0jpNbnB 6qo3LdFo hgj6aAWF rNCDoV1iu kfhVPgbU swTLmWSG 6uaZIJ98 FGz6UYypU GUibC7Zc MBcNvJnm yF8NwEQN WE6vR+hS maCwd/PhK 0wGp0UnA hgVLAyxX H5bdTrBJ CyIkXyOGd GMMXxXgx TJY1IM8e M0RcQoWM 9MY3ne8GS 5uSbQXZf 2P+RE3CE u4ze4hM4 pRTUVqxp jtUSjGdZs cwzZqgx3 Z/ZjVYUj TNfkd8XK Anw1AyaQH ydJsycAe FwaBrjGk OhUtoiOQ RUaNJhEya TvJfMSem W31tcDlv h6lpnfQU qobO2ukb CxkrYDkNo t8LxW/au 3l5v8XeU aF4MaL+5 ZNaetMPcd UtmnOASi aXCYs74G UvxhETFB mi75fiuRv CONMS6pq 60cjDWTk eUbGDtcB CTZ4XZ3r ZNFuau7aR w/Y1uKVR eOFR8Uqh fSKC9r44 UEmGIXKIm EYwbQVjH DNB50in7 kUW6c5W6 rIwcXroL kVCdcqW1K tSIGLqmA f4tHHZa7 bDV/tpZ3 v5wxdWC98 Z767332t 66t+199v a8A4/XXt c2azu1j/W 1elTndZy 4zs9dxbz yZl5d/QH j/YuP</l atexit><late xit sha1 _base64= "H8K1nBj o4eiHc9Pk wXxlqV+d NL4=">AA AEtHicfV PbbtNAEH WbAMXcWuC NlxE1Cg9 R5KTqRZU qVRQhXoq K1Juoo3S9 ntirbnbN 7rptsPJJ fBBfwS8w TtqStIV92 dFcz5yZi XMprAvDX 3PztfqDh 48WHvtPn j57/mJx6e Wh1YXheM C11OY4Zh alUHjghJ N4nBtkg1j iUXy2U9m PztFYodW +G+bYHbB Uib7gzJGq tzT/M1Ja qASV8z8Z xistk+IH gssQUCJ3 RisIeK8Uk EPEZJ6xU dAEUlrh0 EIgttoQy UQ7C1/IcC FcBjYXFD Txhi24cd gNgKkEtI mFYxKqwp cQ5H8z7DY C0jpNbnB 6qo3LdFo hgj6aAWF rNCDoV1iu kfhVPgbU swTLmWSG 6uaZIJ98 FGz6UYypU GUibC7Zc MBcNvJnm yF8NwEQN WE6vR+hS maCwd/PhK 0wGp0UnA hgVLAyxX H5bdTrBJ CyIkXyOGd GMMXxXgx TJY1IM8e M0RcQoWM 9MY3ne8GS 5uSbQXZf 2P+RE3CE u4ze4hM4 pRTUVqxp jtUSjGdZs cwzZqgx3 Z/ZjVYUj TNfkd8XK Anw1AyaQH ydJsycAe FwaBrjGk OhUtoiOQ RUaNJhEya TvJfMSem W31tcDlv h6lpnfQU qobO2ukb CxkrYDkNo t8LxW/au 3l5v8XeU aF4MaL+5 ZNaetMPcd UtmnOASi aXCYs74G UvxhETFB mi75fiuRv CONMS6pq 60cjDWTk eUbGDtcB CTZ4XZ3r ZNFuau7aR w/Y1uKVR eOFR8Uqh fSKC9r44 UEmGIXKIm EYwbQVjH DNB50in7 kUW6c5W6 rIwcXroL kVCdcqW1K tSIGLqmA f4tHHZa7 bDV/tpZ3 v5wxdWC98 Z767332t 66t+199v a8A4/XXt c2azu1j/W 1elTndZy 4zs9dxbz yZl5d/QH j/YuP</l atexit><late xit sha1 _base64= "H8K1nBj o4eiHc9Pk wXxlqV+d NL4=">AA AEtHicfV PbbtNAEH WbAMXcWuC NlxE1Cg9 R5KTqRZU qVRQhXoq K1Juoo3S9 ntirbnbN 7rptsPJJ fBBfwS8w TtqStIV92 dFcz5yZi XMprAvDX 3PztfqDh 48WHvtPn j57/mJx6e Wh1YXheM C11OY4Zh alUHjghJ N4nBtkg1j iUXy2U9m PztFYodW +G+bYHbB Uib7gzJGq tzT/M1Ja qASV8z8Z xistk+IH gssQUCJ3 RisIeK8Uk EPEZJ6xU dAEUlrh0 EIgttoQy UQ7C1/IcC FcBjYXFD Txhi24cd gNgKkEtI mFYxKqwp cQ5H8z7DY C0jpNbnB 6qo3LdFo hgj6aAWF rNCDoV1iu kfhVPgbU swTLmWSG 6uaZIJ98 FGz6UYypU GUibC7Zc MBcNvJnm yF8NwEQN WE6vR+hS maCwd/PhK 0wGp0UnA hgVLAyxX H5bdTrBJ CyIkXyOGd GMMXxXgx TJY1IM8e M0RcQoWM 9MY3ne8GS 5uSbQXZf 2P+RE3CE u4ze4hM4 pRTUVqxp jtUSjGdZs cwzZqgx3 Z/ZjVYUj TNfkd8XK Anw1AyaQH ydJsycAe FwaBrjGk OhUtoiOQ RUaNJhEya TvJfMSem W31tcDlv h6lpnfQU qobO2ukb CxkrYDkNo t8LxW/au 3l5v8XeU aF4MaL+5 ZNaetMPcd UtmnOASi aXCYs74G UvxhETFB mi75fiuRv CONMS6pq 60cjDWTk eUbGDtcB CTZ4XZ3r ZNFuau7aR w/Y1uKVR eOFR8Uqh fSKC9r44 UEmGIXKIm EYwbQVjH DNB50in7 kUW6c5W6 rIwcXroL kVCdcqW1K tSIGLqmA f4tHHZa7 bDV/tpZ3 v5wxdWC98 Z767332t 66t+199v a8A4/XXt c2azu1j/W 1elTndZy 4zs9dxbz yZl5d/QH j/YuP</l atexit>
We examine the t-J model:
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with the scalar field obeying the fixed length constraint
M 0X
p=1
 2ip = M
0 .
With tij and Jij independent random numbers with zero mean, L is solvable
in the limit of large number of sites, N , followed by the limit of large M
and M 0 at fixed
k ⌘ M
0
M
.
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Gapped boson
 f = 1/4
<latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>
Gapless boson
‘quasi-Higgs’
 b = k/(2(k + 2)) < 1/4
 f = 1/(k + 2) > 1/4
<late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit>
g
<late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit>
k
<latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>
2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6t en/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p 9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGg UCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgf PSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqS AmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXe HMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit>
Gapless boson
 b = 1/4
 f = 1/4
<latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit>
Gapped boson
 f = 1/4
<latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>
Gapless boson
‘quasi-Higgs’
 b = k/(2(k + 2)) < 1/4
 f = 1/(k + 2) > 1/4
<late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit>
A solvable model h (⌧) (0)i ⇠ e
 m|⌧ |
p
⌧
hf(⌧)f†(0)i ⇠ sgn(⌧)|⌧ |2 f
<latexit sha1_base64="OalR4G6iASb sHzVAH1cOjO4pTok=">AAACs3icdVHLbhMxFPUMrxJegS7ZWESgsiDypE1adlXLg mWR6EOKk8jjuTOxansG2wON3PkkPoiv4BfwJFPxEL2SpeNz7j22zk0rKawj5EcU37 l77/6DrYe9R4+fPH3Wf/7izJa14XDKS1mai5RZkELDqRNOwkVlgKlUwnl6edzq51 /BWFHqz25VwUyxQotccOYCteh/f4OpZLqQgGm1FHiHOla/7TAJwHSiFQrT3DDuYe 7fYYWv287rpvHUfjHOt7emwZT2fjvmN3b5nGasKMDc5klVWl55W+imG2n8xn/uR5h +AOnYIm+aRX9AhmQ8Ge3v4haMJuNJAAe7JCEEJ0OyrgHq6mTR/0mzktcKtOOSWTt NSOVmnhknuISmR2sLFeOXrIBpgJopsDO/jrXBrwOT4bw04WiH1+yfE54pa1cqDZ2K uaX9V2vJ/2nT2uUHMy90VTvQfPNQXkvsStzuCGfCAHdyFQDjRoS/Yr5kIScXNtmj FsKadeGWIXS4ct9EFt7xe8Ox0G1CNzHg28HZaJiQYfJpb3B41GW1hV6iV2gHJWgf HaKP6ASdIh5tR++jo+g4HsfTOI2zTWscdTPb6K+K1S/r6NSD</latexit><latexit sha1_base64="OalR4G6iASb sHzVAH1cOjO4pTok=">AAACs3icdVHLbhMxFPUMrxJegS7ZWESgsiDypE1adlXLg mWR6EOKk8jjuTOxansG2wON3PkkPoiv4BfwJFPxEL2SpeNz7j22zk0rKawj5EcU37 l77/6DrYe9R4+fPH3Wf/7izJa14XDKS1mai5RZkELDqRNOwkVlgKlUwnl6edzq51 /BWFHqz25VwUyxQotccOYCteh/f4OpZLqQgGm1FHiHOla/7TAJwHSiFQrT3DDuYe 7fYYWv287rpvHUfjHOt7emwZT2fjvmN3b5nGasKMDc5klVWl55W+imG2n8xn/uR5h +AOnYIm+aRX9AhmQ8Ge3v4haMJuNJAAe7JCEEJ0OyrgHq6mTR/0mzktcKtOOSWTt NSOVmnhknuISmR2sLFeOXrIBpgJopsDO/jrXBrwOT4bw04WiH1+yfE54pa1cqDZ2K uaX9V2vJ/2nT2uUHMy90VTvQfPNQXkvsStzuCGfCAHdyFQDjRoS/Yr5kIScXNtmj FsKadeGWIXS4ct9EFt7xe8Ox0G1CNzHg28HZaJiQYfJpb3B41GW1hV6iV2gHJWgf HaKP6ASdIh5tR++jo+g4HsfTOI2zTWscdTPb6K+K1S/r6NSD</latexit><latexit sha1_base64="OalR4G6iASb sHzVAH1cOjO4pTok=">AAACs3icdVHLbhMxFPUMrxJegS7ZWESgsiDypE1adlXLg mWR6EOKk8jjuTOxansG2wON3PkkPoiv4BfwJFPxEL2SpeNz7j22zk0rKawj5EcU37 l77/6DrYe9R4+fPH3Wf/7izJa14XDKS1mai5RZkELDqRNOwkVlgKlUwnl6edzq51 /BWFHqz25VwUyxQotccOYCteh/f4OpZLqQgGm1FHiHOla/7TAJwHSiFQrT3DDuYe 7fYYWv287rpvHUfjHOt7emwZT2fjvmN3b5nGasKMDc5klVWl55W+imG2n8xn/uR5h +AOnYIm+aRX9AhmQ8Ge3v4haMJuNJAAe7JCEEJ0OyrgHq6mTR/0mzktcKtOOSWTt NSOVmnhknuISmR2sLFeOXrIBpgJopsDO/jrXBrwOT4bw04WiH1+yfE54pa1cqDZ2K uaX9V2vJ/2nT2uUHMy90VTvQfPNQXkvsStzuCGfCAHdyFQDjRoS/Yr5kIScXNtmj FsKadeGWIXS4ct9EFt7xe8Ox0G1CNzHg28HZaJiQYfJpb3B41GW1hV6iV2gHJWgf HaKP6ASdIh5tR++jo+g4HsfTOI2zTWscdTPb6K+K1S/r6NSD</latexit><latexit sha1_base64="OalR4G6iASb sHzVAH1cOjO4pTok=">AAACs3icdVHLbhMxFPUMrxJegS7ZWESgsiDypE1adlXLg mWR6EOKk8jjuTOxansG2wON3PkkPoiv4BfwJFPxEL2SpeNz7j22zk0rKawj5EcU37 l77/6DrYe9R4+fPH3Wf/7izJa14XDKS1mai5RZkELDqRNOwkVlgKlUwnl6edzq51 /BWFHqz25VwUyxQotccOYCteh/f4OpZLqQgGm1FHiHOla/7TAJwHSiFQrT3DDuYe 7fYYWv287rpvHUfjHOt7emwZT2fjvmN3b5nGasKMDc5klVWl55W+imG2n8xn/uR5h +AOnYIm+aRX9AhmQ8Ge3v4haMJuNJAAe7JCEEJ0OyrgHq6mTR/0mzktcKtOOSWTt NSOVmnhknuISmR2sLFeOXrIBpgJopsDO/jrXBrwOT4bw04WiH1+yfE54pa1cqDZ2K uaX9V2vJ/2nT2uUHMy90VTvQfPNQXkvsStzuCGfCAHdyFQDjRoS/Yr5kIScXNtmj FsKadeGWIXS4ct9EFt7xe8Ox0G1CNzHg28HZaJiQYfJpb3B41GW1hV6iV2gHJWgf HaKP6ASdIh5tR++jo+g4HsfTOI2zTWscdTPb6K+K1S/r6NSD</latexit>
g
<late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit>
k
<latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>
2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6t en/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p 9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGg UCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgf PSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqS AmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXe HMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit>
Gapless boson
 b = 1/4
 f = 1/4
<latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit>
Gapped boson
 f = 1/4
<latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>
Gapless boson
‘quasi-Higgs’
 b = k/(2(k + 2)) < 1/4
 f = 1/(k + 2) > 1/4
<late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit>
A solvable model h (⌧) (0)i ⇠ 1|⌧ |2 b
hf(⌧)f†(0)i ⇠ sgn(⌧)|⌧ |2 f
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 b + f = 1/2
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In gapless region, we always have the Fermi liquid form for
the electron Green’s function hc(⌧)c(0)i ⇠ 1/⌧ , although Z2
charges remain deconfined. This is a consequences of
‘balancing’ the t and J terms in the t-J model.
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Phase Diagram 
AFM order
He↵ ⇠ J˜Si · Sj
<latexit sha1_base64="3tGI1+BH16i j6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3 QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZ ylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg 69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowz pN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga 2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+e ijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJO NsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit ><latexit sha1_base64="3tGI1+BH16i j6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3 QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZ ylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg 69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowz pN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga 2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+e ijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJO NsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit ><latexit sha1_base64="3tGI1+BH16i j6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3 QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZ ylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg 69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowz pN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga 2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+e ijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJO NsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit ><latexit sha1_base64="3tGI1+BH16i j6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3 QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZ ylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg 69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowz pN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga 2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+e ijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJO NsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit >
Confined AFM
h
<latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8 NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRc Im+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRIm yJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnu EV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8 NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRc Im+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRIm yJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnu EV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8 NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRc Im+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRIm yJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnu EV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8 NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRc Im+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRIm yJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnu EV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit>
Deconfined Dirac
 𝜋-flux
⇡ ⇡ ⇡
⇡ ⇡ ⇡
Phase Diagram 
AFM order
He↵ ⇠ J˜Si · Sj
<latexit sha1_base64="3tGI1+BH16i j6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3 QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZ ylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg 69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowz pN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga 2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+e ijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJO NsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit ><latexit sha1_base64="3tGI1+BH16i j6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3 QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZ ylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg 69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowz pN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga 2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+e ijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJO NsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit ><latexit sha1_base64="3tGI1+BH16i j6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3 QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZ ylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg 69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowz pN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga 2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+e ijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJO NsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit ><latexit sha1_base64="3tGI1+BH16i j6vdxhxFuOH5hR6U=">AAACLHicbVDLSgMxFM34rPVVdekmWARXZUYEdVfURXGlaK3 QKUMmc0ejmQfJHbGE+SE3/ooILlTc+h2mj4WvA4HDOeeSe0+YS6HRdV+dicmp6ZnZ ylx1fmFxabm2snqhs0JxaPNMZuoyZBqkSKGNAiVc5gpYEkrohLeHA79zB0qLLD3Hfg 69hF2lIhacoZWC2pGfMLzmTJpWGRgf4R4NxHFZ+lok1EchIzDH5TAVxuasDITPowz pN+UmqNXdhjsE/Uu8MamTMU6C2rMfZbxIIEUumdZdz82xZ5hCwSWUVb/QkDN+y66ga 2nKEtA9M7y2pJtWiWicKftSpEP1+4Rhidb9JLTJwY76tzcQ//O6BcZ7PSPSvEBI+e ijuJAUMzqojkZCAUfZt4RxJeyulF8zxTjagqu2BO/3yX9Je7ux3/BOd+rNg3EbFbJO NsgW8cguaZIWOSFtwskDeSKv5M15dF6cd+djFJ1wxjNr5Aeczy/65aqc</latexit >
Confined AFM
h
<latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8 NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRc Im+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRIm yJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnu EV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8 NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRc Im+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRIm yJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnu EV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8 NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRc Im+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRIm yJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnu EV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit><latexit sha1_base64="F6LaKn+zB1c99hTqoNmFqAhpiFw=">AAAB53icbVBNS8 NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRc Im+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWaw16l6tbcGcgy8QpShQKNXuWr209YFqM0TFCtO56bmiCnynAmcFLuZhpTykZ0gB1LJY1RB/ns0Ak5tUqfRIm yJQ2Zqb8nchprPY5D2xlTM9SL3lT8z+tkJroKci7TzKBk80VRJohJyPRr0ucKmRFjSyhT3N5K2JAqyozNpmxD8BZfXib+ee265jUvqvWbIo0SHMMJnIEHl1CHO2iADwwQnu EV3pxH58V5dz7mrStOMXMEf+B8/gA8b4zA</latexit>
Deconfined Dirac
 𝜋-flux
⇡ ⇡ ⇡
⇡ ⇡ ⇡
Toy model of pseudogap
(at half filling)
A solvable model
g
<late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit>
k
<latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>
2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6t en/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p 9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGg UCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgf PSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqS AmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXe HMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit>
Gapless boson
 b = 1/4
 f = 1/4
<latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit>
Gapped boson
 f = 1/4
<latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>
Gapless boson
‘quasi-Higgs’
 b = k/(2(k + 2)) < 1/4
 f = 1/(k + 2) > 1/4
<late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit>
A solvable model
g
<late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit>
k
<latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>
2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6t en/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p 9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGg UCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgf PSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqS AmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXe HMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit>
Gapless boson
 b = 1/4
 f = 1/4
<latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit>
Gapped boson
 f = 1/4
<latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>
Gapless boson
‘quasi-Higgs’
 b = k/(2(k + 2)) < 1/4
 f = 1/(k + 2) > 1/4
<late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit>
Toy model of pseudogap
Toy model of 
overdoped region
A solvable model
g
<late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit><late xit sha1_ base64="m 5wnS2ZFHS zMTeniJv4 LFZgGOr0= ">AAAB6Hi cbVBNS8NA EJ3Ur1q/q h69LBbBU0 lEqMeiF48 t2A9oQ9ls J+3azSbsb oQS+gu8eF DEqz/Jm// GbZuDtj4Y eLw3w8y8IB FcG9f9dgo bm1vbO8Xd 0t7+weFR+ fikreNUMW yxWMSqG1C NgktsGW4E dhOFNAoEd oLJ3dzvPK HSPJYPZpq gH9GR5CFn 1FipORqUK 27VXYCsEy 8nFcjRGJS /+sOYpRFK wwTVuue5i fEzqgxnAm elfqoxoWx CR9izVNII tZ8tDp2RC 6sMSRgrW9 KQhfp7IqO R1tMosJ0R NWO96s3F/ 7xeasIbP+ MySQ1Ktlw UpoKYmMy/ JkOukBkxt YQyxe2thI 2poszYbEo 2BG/15XXS vqp6Npnmd aV+m8dRhD M4h0vwoAZ1 uIcGtIABw jO8wpvz6L w4787HsrX g5DOn8AfO 5w/MI4zq< /latexit>
k
<latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAK hsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMei F48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9 f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoL J3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFK wwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7I qOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe 2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8 wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>
2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6t en/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p 9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGg UCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgf PSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqS AmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXe HMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIg HvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+ TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJL AbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g 5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxK Rk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8 +p8rBorTjlxBn/gfP4AEYWLiw==</latexit>
Gapless boson
 b = 1/4
 f = 1/4
<latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit><latexit sha1_base64="VN6mhOxirCgnguL oQ6yWwbGcFNo=">AAACOHicbVDLSgMxFM34rOOr6tJNsAqu6kwRdCMUFXRnBVuFTimZ9E4Nz SRDkhHK0M9y42e4EzcuFHHrF5i2I9THgcDhnHuS3BMmnGnjeU/O1PTM7Nx8YcFdXFpeWS2ur Te0TBWFOpVcqpuQaOBMQN0ww+EmUUDikMN12DsZ+td3oDST4sr0E2jFpCtYxCgxVmoXL4IQuk xkFIQBNXDPSMJBaxxKLUUQuNvBKXBD2iE+wv7e/vaEFOWSG4DofF/QLpa8sjcC/kv8nJRQjl q7+Bh0JE1jG6ecaN30vcS0MqIMoxwGbpBqSAjtkS40LRUkBt3KRosP8I5VOjiSyh5h8EidTG Qk1rofh3YyJuZW//aG4n9eMzXRYStjIkkNCDp+KEo5NhIPW8QdpoAa3reEUMXsXzG9JYpQ24F 2bQn+75X/kkal7NtmLiul6nFeRwFtoi20i3x0gKroHNVQHVF0j57RK3pzHpwX5935GI9OOXl mA/2A8/kFFeKqEA==</latexit>
Gapped boson
 f = 1/4
<latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1 d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Ssl k7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu /sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixh lBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA 4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmV GCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTw riWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoH j2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>
Gapless boson
‘quasi-Higgs’
 b = k/(2(k + 2)) < 1/4
 f = 1/(k + 2) > 1/4
<late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit><late xit sha1_ base64="G jJ5BbSo4j +cVfoiQqc 6aRmqlk4= ">AAACX3i cbZBfS9xA FMUn6R81W o32SfoydC 1dKe4mi2A fWhFbqI8W uipslu1k9 iYOO5mJcy fCEvZL9k3 wxW/ibNyC1 V4YOHN+93 JnTlpKgTa Kbjz/xctX r5eWV4LVt TfrG+Hm1h nqynDocy2 1uUgZghQK +lZYCRelA VakEs7Tyb c5P78Gg0K rX3ZawrBg uRKZ4Mw6a xReJynkQt UclAUzC36 wUgIiTTVq lSTB76uKo dg7EXmOH9 19J/kO0rJ RSr/SSbfd a08+9XZ36 Rcad/d3Hv HM8bjbUHr YwCABNf67 ZxS2ok7UF H0u4oVokU WdjsI/yVj zqnDjXDLE QRyVdlgzY wWXMAuSCq FkfMJyGDi pWAE4rJt8Z vSDc8Y008 YdZWnjPp6 oWYE4LVLX WTB7iU/Z3 PwfG1Q2+z yshSorC4o /LMoqSa2m 87DpWBjgV k6dYNwI91 bKL5lh3GW AgQshfvrl 5+Ks14mjT vyz1zo6Xs SxTN6R96R NYnJAjsgJ OSV9wsmt5 3ur3pp35y /563740Op 7i5m35J/y t+8BJfyu0 g==</late xit>
Toy model of pseudogap
Toy model of 
overdoped region
Fermi liquid spectral function, with anomalies in other
properties, match recent observations in cuprates
(Hussey, Bozovic, Armitage, Taillefer...)
<latexit s ha1_base64="yBZgoV8 XA2onynNyRKFIFZ7vna I=">AAACt3icdVHbatt AEF0pvaTqzU0f+tCXo aaQghGSTZz0oZCmkOYx hTgJWMasViNryWpX2V0 5dYU/qp/Tr+gvdKU40J Z2YOFw5nJmzqaV4MZG0 Q/P37p3/8HD7UfB4ydP nz3vvdg5N6rWDCdMCaU vU2pQcIkTy63Ay0ojLV OBF+nVpzZ/sURtuJJn dlXhrKQLyXPOqHXUvPc 9SXHBZcNQWtTr4Bh1yU Hw65pnYCpkVlMBeS1ZW z+AG24LoFKVVHA0wCUo W6CGSqsKtXXcAEpqWQE a25mgUoN62al15ayuNL VokiTYPamNwdUAjtQ3t eRsAB+duKULHMAZ5UJ gjjoMw3dBgjK7W3He60 dhtDce7o+gBcPx3tiBg 1EURxHEYdRFn2zidN77 mWSK1aVrZ4IaM42jys4 a6rZlAtdBUhusKLtyul MHJS3RzJrO2jW8dUwGu dLuuWs69veOhpbGrMr UVbqzC/N3riX/lZvWNj +YNVxWtUXJboXyWoBV0 P4TZNwZaMXKAco0d7sC K6imzHngJhl0Xy0Xtmg Si1/tDc+cTjMKx1y2Dt 3ZAP8H58MwjsL4y7B/e LTxapu8Jm/ILonJPjkk J+SUTAjzXnkfvGPvs/ /en/u5X9yW+t6m5yX5I /zrXxHN2MU=</latexi t><latexit s ha1_base64="yBZgoV8 XA2onynNyRKFIFZ7vna I=">AAACt3icdVHbatt AEF0pvaTqzU0f+tCXo aaQghGSTZz0oZCmkOYx hTgJWMasViNryWpX2V0 5dYU/qp/Tr+gvdKU40J Z2YOFw5nJmzqaV4MZG0 Q/P37p3/8HD7UfB4ydP nz3vvdg5N6rWDCdMCaU vU2pQcIkTy63Ay0ojLV OBF+nVpzZ/sURtuJJn dlXhrKQLyXPOqHXUvPc 9SXHBZcNQWtTr4Bh1yU Hw65pnYCpkVlMBeS1ZW z+AG24LoFKVVHA0wCUo W6CGSqsKtXXcAEpqWQE a25mgUoN62al15ayuNL VokiTYPamNwdUAjtQ3t eRsAB+duKULHMAZ5UJ gjjoMw3dBgjK7W3He60 dhtDce7o+gBcPx3tiBg 1EURxHEYdRFn2zidN77 mWSK1aVrZ4IaM42jys4 a6rZlAtdBUhusKLtyul MHJS3RzJrO2jW8dUwGu dLuuWs69veOhpbGrMr UVbqzC/N3riX/lZvWNj +YNVxWtUXJboXyWoBV0 P4TZNwZaMXKAco0d7sC K6imzHngJhl0Xy0Xtmg Si1/tDc+cTjMKx1y2Dt 3ZAP8H58MwjsL4y7B/e LTxapu8Jm/ILonJPjkk J+SUTAjzXnkfvGPvs/ /en/u5X9yW+t6m5yX5I /zrXxHN2MU=</latexi t><latexit s ha1_base64="yBZgoV8 XA2onynNyRKFIFZ7vna I=">AAACt3icdVHbatt AEF0pvaTqzU0f+tCXo aaQghGSTZz0oZCmkOYx hTgJWMasViNryWpX2V0 5dYU/qp/Tr+gvdKU40J Z2YOFw5nJmzqaV4MZG0 Q/P37p3/8HD7UfB4ydP nz3vvdg5N6rWDCdMCaU vU2pQcIkTy63Ay0ojLV OBF+nVpzZ/sURtuJJn dlXhrKQLyXPOqHXUvPc 9SXHBZcNQWtTr4Bh1yU Hw65pnYCpkVlMBeS1ZW z+AG24LoFKVVHA0wCUo W6CGSqsKtXXcAEpqWQE a25mgUoN62al15ayuNL VokiTYPamNwdUAjtQ3t eRsAB+duKULHMAZ5UJ gjjoMw3dBgjK7W3He60 dhtDce7o+gBcPx3tiBg 1EURxHEYdRFn2zidN77 mWSK1aVrZ4IaM42jys4 a6rZlAtdBUhusKLtyul MHJS3RzJrO2jW8dUwGu dLuuWs69veOhpbGrMr UVbqzC/N3riX/lZvWNj +YNVxWtUXJboXyWoBV0 P4TZNwZaMXKAco0d7sC K6imzHngJhl0Xy0Xtmg Si1/tDc+cTjMKx1y2Dt 3ZAP8H58MwjsL4y7B/e LTxapu8Jm/ILonJPjkk J+SUTAjzXnkfvGPvs/ /en/u5X9yW+t6m5yX5I /zrXxHN2MU=</latexi t><latexit s ha1_base64="yBZgoV8 XA2onynNyRKFIFZ7vna I=">AAACt3icdVHbatt AEF0pvaTqzU0f+tCXo aaQghGSTZz0oZCmkOYx hTgJWMasViNryWpX2V0 5dYU/qp/Tr+gvdKU40J Z2YOFw5nJmzqaV4MZG0 Q/P37p3/8HD7UfB4ydP nz3vvdg5N6rWDCdMCaU vU2pQcIkTy63Ay0ojLV OBF+nVpzZ/sURtuJJn dlXhrKQLyXPOqHXUvPc 9SXHBZcNQWtTr4Bh1yU Hw65pnYCpkVlMBeS1ZW z+AG24LoFKVVHA0wCUo W6CGSqsKtXXcAEpqWQE a25mgUoN62al15ayuNL VokiTYPamNwdUAjtQ3t eRsAB+duKULHMAZ5UJ gjjoMw3dBgjK7W3He60 dhtDce7o+gBcPx3tiBg 1EURxHEYdRFn2zidN77 mWSK1aVrZ4IaM42jys4 a6rZlAtdBUhusKLtyul MHJS3RzJrO2jW8dUwGu dLuuWs69veOhpbGrMr UVbqzC/N3riX/lZvWNj +YNVxWtUXJboXyWoBV0 P4TZNwZaMXKAco0d7sC K6imzHngJhl0Xy0Xtmg Si1/tDc+cTjMKx1y2Dt 3ZAP8H58MwjsL4y7B/e LTxapu8Jm/ILonJPjkk J+SUTAjzXnkfvGPvs/ /en/u5X9yW+t6m5yX5I /zrXxHN2MU=</latexi t>
